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Nephelometry is a short way fo ... 


Directly measure and evaluate the clarity of liquids 
One of the earliest industrial applications of Coleman Photo-Nephelometers was 
made by distillers of whiskies. Evaluation of filters and filter media and control of 
haze in the finished whiskey is now a-standard procedure throughout this industry. 
Producers of beer and wines soon followed suit. 

Measurement and control of the clarity and sterility of parenterals is an impor- 
tant one and includes such items as: Penicillin, Streptomycin, Dihydrostreptomycin 
Neomycin Sulfate, Vitamin Solutions. 


Perform rapid quantitative analysis by measuring 
precipitates in their original environment 

Purity of industrial waters and other liquids is easily evaluated with the Nephe- 
lometer, especially at very low concentrations. For example: Electric generating 
plants now use Coleman Nephelometers for the evaluation and control of feed 
waters for high pressure boilers. Control is accomplished by Nephelometric measure- 
ment of calcium (Range 0.0—0.5 PPM) in the feed water. 


Measure suspensions which cannot conveniently 
be separated for analysis 
In bacteriology the study of the effects of nutrients and inhibitors on growth 
rates of bacteria has been given new impetus and significance by the simplicity 
and precision of the Nephelometric method. These studies include a wide variety 
of bacterial types, including: Leptospira, Actinomyces Bovis, Tubercle Bacilli, Esch. 
Coli, Staphylococci. 

The Nephelometer is useful in determination of butter fat content in dairy prod- 
ucts, and has similarly been helpful in assay of cholesterol in blood chemistry. 


= 


COLEMAN MODEL 7 NEPHELOMETER MODEL 9 ge a 


for nephelometry only — ask for Bulletin B-213 y and 


write Dept. B, Coleman Instruments Inc., Maywood, 2 


— ask for Bulletin B-215 
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In a defense economy, civilian and military requirements 
keep the glass chemist busier than ever. Time is important, 
and glass chemists, constantly working to save time, prefer 
‘Baker Analyzed’ Reagents, with the actual lot analysis 
on the label. 


Of particular value to glass chemists is ‘Baker Analyzed’ 
Hydrofluoric Acid, ideal for Phosphorus and Silica deter- 
minations. The H,SiF¢ content is never higher than 0.10% 
against the ordinary standard of 0.25%. The acid is also 
extremely low in non-volatile residue, heavy metals and iron. 


Baker Hydrofluoric Acid is now packaged in a unique 
polyethylene container which provides many advantages 
for safer operation with speed and facility. They include 
controlled acid flow for ease in pouring, built-in drain-back 
spout for added protection, and large screw cap for easier 
and safer opening. 


Listed at the right are other ‘Baker Analyzed’ Reagents 


REAGENT 


GLASS CHEMISTS... Save Testing Time} 


with Baker Analyzed HYDROFLUORIC ACID 


—low in Fluosilicic Acid and Phosphates 


valuable to the glass chemist. Each has an extremely lov 


index of impurities for quick, accurate tests. 


When you order reagents from your laboratory supply 
house, specify ‘Baker Analyzed’. There’s a Baker distributor 


near you who will give you quick, efficient service. 


J. T. Baker Chemical Co. 
Executive Offices and Plant, Phillipsburg, N. J. 


Other ‘Baker Analyzed’ Reagents 
of interest to Glass Chemists: 


Calcium Carbonate 

Calcium Chloride Perchloric Acid 

Hydrochloric Acid Sodium Carbonate 
Sulfuric Acid 


Methyl! Alcohol 


Baker Baker Chemicals 
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ASCARITE 


(REGISTERED TRADEMARK) 


(SODIUM HYDRATE ASBESTOS ABSORBENT) 


“aaenante Since its introduction in 1918, Ascarite has become the uni- 
Pa ee versally accepted standard CO, absorbent in the iron and 
steel industry. 


Also widely used in quantitative organic microanalysis, and 
in the analysis of respiratory gases, etc. 


ASCARITE (Registered Trademark), Sodium Hydrate Asbestos Absorbent. Prepared in 
accordance with the formula of the late James B. Stetser for the rapid and quantitative absorp- 
tion of CO, in the determination of carbon in iron and steel and in universal use for this purpose 
in the iron and steel industry; also used in carbon-hydrogen determinations, particularly in quan- 
titative organic microanalysis, and in the analysis of respiratory gases, etc. 

While originally designed for use in the Stetser-Norton modification of the Midvale Absorption 
Bulb, it can be used with equal satisfaction in the Johnson modification, and in the original Mid- 
vale, Vanier, Fleming, Nesbitt, Turner, Miller, and similar bulbs. Sixty grams of Ascarite (the 
contents of a Midvale Absorption Bulb) will absorb from 10 to 15 grams of CO». Therefore, 500 
grams of Ascarite provides for from 2000 to 4000 determinations. 


Bibliography (For additional references, see page 399 of our catalogue.) 


J. , Stetser and R. H. Norton, ‘“Combustion’Train for Carbon Determination,” The Iron Age, Vol. 102, No. 8 
(Aug. 22, 1918). 

J. B. Stetser, ““Ascarite,”’ Chemistry and Industry (London), Vol. 43, No. 25 (June 20, 1924), p. 637. 

A.S.T.M. (American Society for Testing Materials), ‘‘Methods for Chemical Analysis of Metals, ” 1950, p 

Fritz Pregl, ‘Quantitative Organische Mikroanalyse,” bth ed. H. Roth (Vienna, 1947), p. 18: 5th 
English ed., revised and edited by Julius Grant (Philadelphia, 1951), p. 

Al. Steyermark, ‘ ‘Quantitative Organic Microanalysis,” Philadelphic, 1961 ), p. 84, ff. 


Per 1 Ib., in bottle with plastic screw cap........... 5.00 5.00 


5% discount in carton containing 12 X 1 Ibs. 


10% discount in lots of 48 lbs. 
15% discount in lots of 144 Ibs. f © Mesh or assorted meshes 


COLOR CHANGE. During use, the color of Ascarite, which is light brown in the original product, 
dually turns to white due to the absorption of carbon dioxide and the formation of sodium carbonate. 
This color change occurs within a narrow zone and is clearly perceptible. Because of this marked difference 
in color between the used and unused portions of the absorbent, it is possible to determine when a bulb 
should be discarded. 


BOTH MESHES NOW AVAILABLE FOR IMMEDIATE SHIPMENT 


ARTHUR H. THOMAS COMPANY 


LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE 
PHILADELPHIA 5, PA. 


Teletype Services: Western Union WUX and Bell System PH-72 
Philadelphia, MArket 7-5600—New York (private line) REctor 2-5035—Washington, JUniper 7-5867 
Baltimore, Enterprise 5600—Boston, Enterprise 2100 


Telephones: 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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ELEMENTS OF FOOD 
ENGINEERING 


by Parker and H. Harvey, 
Illinois Institute of Technology 

Published in three volumes, this important book 
treats the production, preparation, processing, 
handling and distribution of foods from the unit 
operation and unit process points of view. As 
such, it lays the foundation for the new profession 
of food engineering as distinguished from both 
chemical engineering and food technology. Volume 
1 outlines the engineering factors involved in food 
processing and describes in detail the agricultura 
and nutritional aspects of food production, the ex- 
tent of the food processing industries, major classi- 
fications of foods and refined foods processing. 
Volumes 2 and 3 discuss plant layout, equipment 
design, production efficiency, sanitation, and give 
full consideration to nutritional and taste accept- 
ability factors. Ideally suited as a textbook for 
courses in Food Technology and Food Engineering. 
Vol. 1—1952, 500 pages, about $10.00 

Vols. 2 and 3— 1953, price and size to be announced 


WOOD CHEMISTRY 
2nd Edition 


edited by Louts E. Wise, Institute of Paper 
Chemistry, Appleton, Wisc. and Epwin C. 
Jann, State University of New York, College of 

Forestry 
‘This new two-volume book brings the material of 
the authors’ previous edition abreast of the latest 
developments and the most recent literature of its 
field. Here you will find the most recent informa- 
tion available on the basic chemistry underlying 
the important industrial processes and products 
employing wood or wow: cellulose. Fully covered 
are such important topi-.. as the growth, anatomy 
and physical properties of wood; the chemistry of 
the major components (cellulose, the hemicellu- 
loses and lignin); the extractives, such as volatile 
oils, resins, tannins, etc.; the biochemical decom- 
position of wood; the physical chemistry of cellu- 
lose including surface and solution properties; and 

analytical procedures in wood chemistry. 

ACS Monograph, Vol. 1—1952, 750 pages, $15.00 
Vol. 2—1 952, 750 pages, $15.00 


VOLUMETRIC AND PHASE 
BEHAVIOR OF OIL FIELD 
HYDROCARBON SYSTEMS 

by M. B. Sranpina, California Research Cor- 
poration 

This practical book collects into a single volume the 

scattered data on the behavior of hydrocarbon 

systems in petroleum reservoirs. To systematize 
discussions of phase behavior, complex hydrocar- 
bon systems have been divided into three catego- 

Ties: gases, condensate systems and dissolved gas 

systems. Although primarily concerned with the 

composition and phase behavior of fluids, the book 
also discusses the physics of flow of oil and gas in 
reservoir rock. Standing’s book is designed both 
for the classroom and as a practical working com- 

panion for the practicing Z 

ments made in the laboratory on samples of reser- 

voir fluids and the application of laboratory data to 

field conditions are fully discussed. Several sepa- 
rately printed charts, each large enough for constant 
day-to-day use, in themselves make this book es- 
pecially useful to all technical men in the field. 
1952, 125 pages, $10.00 


Send for copies on approval 


CHEMICAL ENGINEERING 


MATERIALS ENGINEERING 


TEXTILE CHEMICALS AND 
AUXILIARIES 


by Henry C. Speer, Consulting Chemist, 
R.S. Aries § Associates 
Written on a practical level by a staff of leading 
textile chemists and edited by a nationally known 
textile consultant, this important new book deals 
with the role of chemicals, finishing agents and 


* auxiliaries in the modern textile industry. The 


book begins with a discussion of the physical and 
chemical properties of natural, semisynthetic and 
fully synthetic fibres—their types, properties and 
behavior. Separate chapters then describe the 

used in prey dyeing and 
printing, oo various types of finishing. The re- 
mainder of the book deals with such topics as water 
and its conditioning, the use of fats and oils, 
starches, gums and glues, solvents and flame- 
proofing agents. This volume will find a useful 
place in every textile mill in the country and may 
well serve as a textbook for courses in textile proc- 
essing. 


1952, 500 pages, $10.00 


CHEMICAL ENGINEERING 
TECHNIQUES 


by B. E. Laver and R. F, Heckman, Depart- 

ment of Chemical Engineering, University of 

Colorado 
Emphasizing technique rather then specific equip- 
ment, this up-to-date volume provides an unusually 
complete and thoroughly rational assemblage of in- 
dustrially proven methods for conducting chemical 
manufacturing operations. Each technique is pre- 
sented as a means to an end, and ~Il are skillfully 
classified according to function. Here is not just a 
series of unassociated operations, but a closely-knit 
unit having continuity, purpose and organization, 
Throughout the book, equipment is shown in its 
true position—that of a tool rather than a method. 
Ideally suited as a textbook for ch ing 
students, to all prof i s and chemist 
and to executives in many fields who need a simple, 
clearly-defined book as a practical means of under- 
standing the field and interest of the chemical engi- 
neer. 


1952, 450 pages, $6.00 


PRACTICAL RADIOGRAPHY 
FOR INDUSTRY 


by H. R. Crauser, Managing Editor, “‘Mate- 

rials § Methods” 
Unique in its practical, how-to-do-it approach, this 
useful volume provides radiog 
metallurgists, engineers, technicians—in fact, any- 
one concerned with the non-destructive testing of 
metals—with concrete working information on 
modern radiographic techniques. Text plus nearly 
200 illustrations, including sample radiographs 
showing actual defects in metal parts, offer up-to- 
date information on set-up pr 
factors and techniques, radiograph quality, films aul 
film processing together with a complete coverage 
of radiograph interpretation, identification of de- 
fects in various materials and discussions of ap- 
plicable standards. Throughout the book, equip- 
ment and fundamental principles are treated in a 
relatively non-technical manner to benefit those 
with little or no training in physics or mathematics. 


1952, 300 pages, $7.50 


MATERIALS ENGINEERING 


CHEMICAL ENGINEERING 


METALLURGY 


CHEMISTRY 


PERFORMANCE OF 
LUBRICATING OILS 


by H. H. Zuwema, Shell Oil Company Research 
Laboratory, Wood River, Illinois 

Amply supplied with valuable charts, tables and 
illustrations, this important new book summarizes 
and evaluates the wealth of data on the performance 
characteristics of lubricating oils under various 
conditions. The subject is hed from the 
point of view of the performance characteristics 
that are common to all applications. Here you'll 
find discussions not only of general lubrication re- 
quirements, but entire chapters devoted to such im- 
portant topics as the lubrication process, flow 
characteristics, sludge and lacquer deposition, emul- 
sification and foaming, with ample reference to 
viscosity, pour point, and extreme pressure lubri- 
cation. The book will prove invaluable to all 
technical men concerned with the development, 
manufacture and use of lubricating oils, and to 
everyone interested in lubrication problems regard- 

less of application. 
ACS Monograph, 1952, 250 pages, $5.00 


WATER TREATMENT: 
For Industrial and Other Uses 


by Esxet Administrator, Analytical 
Laboratories, Research and Pilot Plant Divi- 
sions, The Permulit Company 
This comprehensive book provides a practical, up- 
to-date reference work on the conditioning and 
treatment of water supplied for industrial and 
domestic uses. It deals with their impurities 
(ch 1 ded solids, color, odor, 
taste, etc.) and the methods of treatment to fit them 
for a wide variety of commercial and other uses, 
525 fact-crammed pages offer valuable information 
on water requirements, current water treatment 
practices in various industries, problems and prac- 
tices relating to boiler feed waters and cooling 
waters, processes and equipment used in treating 
water, water softening processes, sampling pre- 
cautions and many other topics of importance to 
consultants, ts and students. 
Contains many yer ag of conversion factors and 
other carefully collected tabular data. 
1951, 525 pages, $12.00 


THE SURFACE CHEMISTRY OF 
OF SOLIDS 


by S. J. Grece, University College of the South- 
West of Englar4 
This book is a systematic survey of the various 
branches of the surface chemistry of solids. It 
deals with all those chemical and physico-chemical 
phenomena which relate to the activity of the sur- 
face of a solid, or to the interface between a solid 
and a gas, a liquid or another solid. The author 
treats many of these phenomena, such as the ad- 
sorption of gases and vapors, the spread of a liquid 
over a solid, catalysis and adhesion, with a consist- 
ent viewpoint as far as practicable. He sum- 
marizes and evaluates the theories of leading work- 
ers in these fields. Emphasis throughout is on get- 
eral principles in order to simplify an exceedingly 
complex subject for the benefit of students and 
others who are not well versed in physical chem- 
istry. 
1951, 307 pages, $8.50 
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precise & rapid 


blood gas analysis 


van Slyke 
apparatus 


Micrometric adjustment 
of leveling bulb 


more precise 
adjustment of volumes. 


Clear plastic shield 
protects---— 

manometer tube 
from accidental breakage. 


Ball joint 
connection facilitates 
easy replacement——— 
of manometer tube 
or stopcock assembly. 


seven ways in design 


and construction, The Emil Greiner 
Company offers the Van Slyke Blood Gas 
Apparatus for facilitating rapid and precise 
analysis of Carbon Dioxide, Carbon Mon- 
oxide, Oxygen, Nitrogen, etc., in blood and 
other solutions by vacuum extraction.* 
An arbitrary volume can be taken by this method and the 
amount of gas determined by the pressure read on the 
closed end manometer, which is graduated in millimeters 
directly on the tube up to 600 mm. The extraction chamber 
is —- at 0.5, 2.0, and 50 ml. 


74, 659 (1927) 73, 121 cis * 39 
235 (4927); 61, 575, (1924) ; (1921); "30, (1917). 


Fluorescent light 
and diffuser plate 
behind 
manometer tube 
eases reading of scale, 


‘Attractive 

“yniloid” baked enamel 

finish 

over 1/16” thick 
sheet metal case. 


Continuously 
variable speeds 
available for 
stirring througha 
——= direct eccentric 
drive from a 
back-geared motor, 
No pulleys assures 
positive drive 
and worm gears 
maintain high torque 


G 5535 Blood Gas Apparatus, 
Van Slyke Constant Volume. 
Complete as described above 
with 110 volt universal motor, 
2 liter reservoir bottle, leveling 
bulb and rubber tubing. 

Each $250.00 


The EMIL GREINER 


20-26 N. MOORE STREET NEW YORK 13, N.Y. 
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MODEL CVM 3153 
* Free Air Displacement 57 liters (2 cu. ft.) per min. 
%* Absolute Pressures down to 0.2 micron 


* Compact: Only 143/,” long x 103/,” wide x 131/,” 
high 


* Motor: 1/, h.p. standard type 
* Weight: Pump only 31 Ibs., complete unit 70 Ibs. 


MODEL CVM 3534 


* Free Air Displacement 139 liters (4.9 cu. ft.) 
per min. 


%* Absolute Pressures down to 0.2 micron 


* Compact Design: 19” long x 131/,” wide x 16” 
high 

* Motor: '/; h.p. standard type 

%* Weight: Pump only 90 Ibs., complete unit 140 Ibs. 


Want to get down to low absolute pressures in a hurry? Then put 
one of these Kinney Vacuum Pumps on the job. Because these two 
midget pumps employ the same rotating plunger mechanism that has 
made Kinney the world favorite in the big vacuum pump field, you can 
count on them to work fast, dependably, efficiently . .. under all operating 
conditions. Compare Models CVM 3153 and 3534 with any other 
Y% HP or ¥%3 HP vacuum pumps. Then you'll see why it pays to pick Kinney. 


SEND COUPON FOR COMPLETE DETAILS 


KINNEY MANUFACTURING CO. 7 

3605 Washington Street, Boston 30, Mass. S 

(CD Please send Bulletin SV-51 describing Kinney Vacuum Pumps §§ 

KINNEY MANUFACTURING CVM 3153 and CVM 3534. 4 

CO., Boston 30, Mass. Rep- (CD Who is the Kinney distributor in my region? * 
resentatives in New York, | 

Chicago, Detroit, Cleveland, 

Atlanta, Philadelphia, Pitts- se 

burgh, Johnstown (Pa.), Charles- cs 

ton (W. Va.), Los Angeles, Company rt 

Houston, New Orleans, San = 

Francisco, Seattle, and foreign | Street £ 

countries. 

* City State ro 
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IS THE FOREMOST REASON FOR 
REAGENT CHEMICAL BRAND PREFERENCE,“ AND 


TODAY MORE CHEMISTS PREFER Mallinckrodt ar’s' 


THAN EVER BEFORE! 


“7 7 IN AN INDEPENDENT NATIONAL SURVEY 
i MADE IN 1950 AND AGAIN IN 1952, ANA- 
LYTICAL CHEMISTS SAID THAT THEY LOOK 
FIRST FOR PURITY IN REAGENTS. DEPENDA- 
BILITY AND AVAILABILITY WERE RANKED 
SECOND AND THIRD. THE SURVEY ALSO 
SHOWED A STEADILY GROWING PREFERENCE 
FOR MALLINCKRODT AR’S. THIS AND CON- 
TINUALLY INCREASING DEMANDS GIVE 
EVIDENCE THAT TODAY MORE CHEMISTS 
THAN EVER BEFORE LOOK FIRST TO 
MALLINCKRODT AR’S FOR PURITY, DEPEND- 
ABILITY AND AVAILABILITY. 


ANALYTICAL REAGENT 


759, 


1 LB. 


Cremicat WoRKS 


4 -the label you can trust 4 


M 


The more than 400 Mallinckrodt analytical 
reagents are immediately available from your 
nearest Mallinckrodt distributor 

tTrade Mark 


MALLINCKRODT CHEMICAL WORKS 

Mallinckrodt St., St. Louis 7, Mo. « 72 Gold St., New York 8, N.Y. 

Chicago * Cincinnati + Cleveland + Los Angeles + Philadelphia 
San Francisco « Montreal + Toronto 


Write for the new Analytical Reagent catalog— LISTING OVER 400 AR’S 
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C&B Reagent Chemicals are manufactured to meet 
definite standards of purity .. , standards which have 
been set up to insure products suitable for research 
and analytical use. These standards are based upon 
the publications of the Committee on Analytical 
Reagents of the American Chemical Society and 


our own experience of over thirty years in the manu- 


- facture of fine chemicals. 


Sodium CS. 


REAGENT GRADE 
PELLETS 


#3 


C & B Products are Distributed by Laboratory and Physician 
Supply Houses throughout ithe World. 


ot 


NUPACTURING US 


Write for Copy of our Catalog 


THE COLEMAN & BELL CO., Inc. 
Manufacturing Chemists: NORWOOD, OHIO, U.S.A. 


REAGENT CHEMICALS ap BIOLOGICAL STAINS 
INDICATORS — SOLUTIONS — TEST PAPERS 
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AN INTRODUCTION TO SCIENTIFIC RESEARCH 
By E. Bricgut Wirson, Jr., Harvard University, 365 pages, $6.00 


An exceptionally valuable book for graduate and research students in any branch of science. It 
is a text and guide to the scientific methods which underlie all valid research. Material is not 
limited to any one science but is rather intended to be applicable to wide areas; however emphasis 
is on practical, specific topics rather than vague generalities. 


PHYSICAL CHEMISTRY OF METALS 


By L. S. Darken, and R. W. Gurry, U. S. Steel Corporation, Kearny, New Jersey. 

McGraw-Hill Metallurgy and Metallurgical Engineering Series. In Press 
This text is designed to present the fundamental aspects of the physical chemistry of the metallic 
state and metallurgically related substances to metallurgists with a minimum knowledge of 
physical chemistry and to chemists with a minimum knowledge of metals. The first part is 
devoted to a description of the solid and liquid states of metals and alloys. In the second part, 
chemical thermodynamics is developed from the first principles and related directly to metallurgi- 
cal examples. 


WOOD PRESERVATION. New Second Edition 


By Georce M. Hunt, U. S. Forest Products Laboratory, Madison, Wisconsin; and GEORGE 
A. Garratt, Yale University. American Forestry Series. Ready in January 
Extensively revised, the second edition of this authoritative text and reference work covers the 
entire field of wood preservation, including the natural durability and treatability of different 
woods; descriptions of the important fungi ard insects that destroy wood in storage and use; 
descriptions of the more common wood preservatives and of methods of evaluating preservatives; 
equipment and operation of treating plants; and the economic aspects of wood preservation. 


PETROLEUM PRODUCTION ENGINEERING. Oil Field 
Exploitation. New 3rd Edition 


By Lester C. Uren, University of California at Berkeley. Ready in January 


Designed primarily as a text for students in petroleum production methods courses, this volume 
deals with the technology and engineering problems involved in extracting petroleum and natural 
gas from nature’s reservoirs, and with the handling and processing of them after they reach the 
surface. Bibliographies have been revised to include the best and most recent references. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 


330 WEST 42nn STREET, NEW YORK 36, N. Y. 
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Polyethylene Ware 


The physical and chemical characteristics of 
polyethylene laboratory ware make this equip- 
ment especially useful in handling, storing, and 
transporting corrosive liquids and solids. Poly- 
ethylene is shockproof and non-brittle—practi- 
cally unbreakable. Another important property 
of this material is its chemical inertness. Poly- 
ethylene is completely resistant to attack by 
sulfuric, nitric, hydrofluoric and hydrochloric 
acids ... to aniline, silver nitrate, zinc chloride, 
30% hydrogen peroxide... to ammonium and 
sodium hydroxides, etc. In fact, polyethylene 
ware can be used safely with practically any 
acid or alkali and a great number of organic 


aloe scientific vision 


Shock-proof—inert—low specific gravity 
—non-brittle containers for chemicals 


Funnels, bottles, jars, beakers, and tubing now available 


compounds. The advantages of chemically inert, 
easily cut, non-breakable polyethylene tubing 
are apparent. It is suitable for permanent instal- 
lations in multiple extraction assemblies, tem- 
perature regulating set-ups for refractometers, 
apparatus for distillation under reduced pressure, 
permanent refluxing equipment, and others. Be- 
cause of the low specific gravity (only 0.92), 
polyethylene containers are light in weight. This 
feature is often important in handling and trans- 
ferring various solutions or chemicals. 

Write for Bulletin No. 12 giving 
full specifications and prices on 
beakers, bottles, funnels and tubing. 


OF A. S$. ALOE COMPANY 


5655 Kingsbury * St. Lovis 12, Missouri 
LOS ANGELES ® SAN FRANCISCO * NEW ORLEANS ® KANSAS CITY ® MINNEAPOLIS ® ATLANTA ® WASHINGTON, D. C. 
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Stoppers and stopcocks of 29050 
Kimble Squibb Separatory Funnels 
are standard taper and inter- 
chungeable. 


Subsidiary of 


Seporatory Funnels and you'll 
_<- $8e why they are so easy to use 


Larger neck openings make them easier 
to fill and to clean; slightly tapered 
sides just above the stopcock give sharp 
separation. The large diameter of the 
delivery stem causes the liquid in the 
stem to break after stopcock is shut off, 
allowing stem to drain completely. 
Because their actual capacity is 30% 
greater than nominal, these funnels 
permit faster mixing. 

When you order from your laboratory 
supply dealer, specify Kimble. He'll be 
glad to give you latest information 


about prices, sizes and types. 


KIMBLE GLASS COMPANY 


Owens-Illinois Glass Company 
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N ENCYCLOPEDIA of scientific instruments, appa- 
ratus and chemicals—nearly 1500 pages of com- 
prehensive listings—for scientific men working in a 
professional capacity. 
The Sargent Centennial Anniversary Catalog is com- 
piled in familiar alphabetical order by most commonly 
names. Subject finding words are located at the out- 
side top of each page for rapid location of items. Cross 
references are used throughout—making reference to the 
catalog’s elaborate index usually unnecessary. 
The Sargent permanent catalog number system is per- 
ated—with numbers in sequence with the alpha- 
ical listing and fully identifying each item to insure 
ease and accuracy in ordering. Completely descriptive 
titles in boid-face type distinguish alternatives and simi- 
larities between listings. 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS 
APPARATUS * CHEMICALS 


Accurate woodcut illustrations, printed on fine coated 
papers, assure users maximum detail. 

The 1 Anniversary catalog is bound in durable 
buckram, designed to stand hard use. 

Sargent’s periodical, “Scientific Apparatus and Meth- 
ods,” supplements the catalog, and contains information 
about new developments in laboratory instruments and 
apparatus. Both the magazine and catalog are now being 
distributed. Please let us hear from you. 

E. H. SARGENT & COMPANY, 4647 FOSTER AVE., CHICAGO 30, ILLINOIS 


MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICH. 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, PALLAS 9, TEXAS 


—---Attach Coupon to Your Company Letterhead, Please-—— 


E. H. SARGENT & CO. 

4647 W. Foster Avenue, Chicago 30, Ill. Atin.: Catalog Department 
Oltem [1 am not now receiving your periodical, “Scientific Apparatus 
and Methods” 

Name. 


Position or title. 


Depa 


Firm 


Mailing address is. 


rtment or divisi 


or institution. 


State 


Town. 


Laboratory specializes in the following field or fields. 
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COLLRGE. 


For Your Second Semester Classes 


TO SOLVE GENERAL CHEMISTRY PROBLEMS 


by C. H. SORUM, University of Wisconsin 


This self-teaching book presents a carefully graded collection of 500 
problems to be solved by the general chemistry student—complemented by 
textual matter which reviews the principles embodied in the problems, indi- 
cates methods of solution, and illustrates each problem type with a worked- 


out solution. 


160 pages 5-5¢” x 8-34” 


Introduction to 


processes. 


196 pages 


PROBLEMS IN PHYSICAL CHEMISTRY 


by LARS GUNNAR SILLEN, PAUL W. LANGE, 
and CARL O. GABRIELSON 


370 pages 


CHEMISTRY ane THE METAL CHELATE 
COMPOUN 


by ARTHUR » ae Clark University, and 
CALVIN, ‘University of California, 
eley 


580 pages 6” x 9” 


OXIDATION POTENTIALS (2nd Edition) 


By WENDELL M. LATIMER, University of California, 
Berkeley 


392 pages 6” x 9” 


5-54" x 8-34" 


paper bound 


Published 1952 


SEMIMICRO QUALITATIVE ANALYSIS 
by C. H. SORUM, University of Wisconsin 


This book gives the student concise directions for procedures in separat- 
ing and identifying 21 metals and 13 acids. Principles are discussed as notes 
following the procedures in which they are applied. Jn this way, a student 
gels the explanation of a fact, principle, or process exactly when such explana- 
tion is called for. The entire book is organized around the procedures. Thus, 
daily assignments, on the basis of specific procedures, are easy to make. The 
procedures themselves are numbered and set off with bold faced type head- 
ings as an aid to the student in following developments in the analytical 


5-54” x 8-34" «+ Published 1949 


Outstanding Gooke Published tn 1952 


SELECTED TOPICS IN MODERN INSTRU- 
MENTAL ANALYSIS 
edited by DAVID F. BOLTZ, Wayne University 

470 pages 


PRINCIPLES AND METHODS OF CHEM- 
ICAL ANALYSIS 
by HAROLD F. WALTON, University ef Colorado 
435 pages 5-54" x 8-34" 
ELECTRON STRUCTURES OF ORGANIC 
MOLECULES 
by LLOYD N. FERGUSON, Howard University 
335 pages 


COLLEGE CHEMISTRY 
by PAUL R. FREY, Colorado A & M College 
650 pages 


Send for your copies today 


EY) PRENTICE-HALL, INC. 70 AVENUE, NEW YORK 11 
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Clark, Nash and Fischer 
QUANTITATIVE ANALYSIS 


Representing the arrangement and approach which have proven most successful in 
classroom use, this is a thoroughly practical textbook. The student is not introduced to 
calculations until he has a firm gtasp on basic subject matter. There are three main 
sections of material: Gravimetric Analysis, Volumetric Problems, Optical Analysis. 
Actual electron photomicrographs are used to illustrate many of the properties of crystal- 
line precipitates, adsorption and the effects of impurities. 

By GEORGE L. CLARK, Ph.D.,D.Sc., Professor of Chemistry and Head of the Division of Analytical Chemistry, Uni- 


versity of Illinois; LEONARD K. NASH, Ph.D., Assistant Professor of Chemistry, Harvard University; and ROBERT 
B. FISCHER, Ph.D., Assistant Professor of Chemistry, Indiana University. 448 pages, illustrated. $4.50 


Heisig Theory and Practice of 
Semimicro QUALITATIVE ANALYSIS 


Second Edition. This is a really teachable text made to order for classes in element- 
ary qualitative analysis. All theoretical material was brought up-to-date for the Second 
Edition and the experimental procedures reflect careful selection. Text matter is easily 
adaptable to courses of varying lengths. Specific directions for separating precipitates by 
centrifuge, as well as by filter tube method, are now included. 


By G. B. HEISIG, Ph.D., Associate Professor of Inorganic Chemistry, University of Minnesota. 356 pages, illus- 
trated. $4.00. Second Edition. 


Abernethy Principles of 
ORGANIC CHEMISTRY 


In a crisp, lucid fashion all the essentials of organic chemistry are covered in this 
text. The approach and presentation of the subject is fresh and modern and the exercises, 
problems and review questions are intelligently and provocatively worded. Up-to-date 
applications of organic chemistry to physiology and medicine are brought in frequently 


for interest—the whole work has a strong biological slant. 


By JOHN LEO ABERNETHY, Ph.D., formerly Associate Professor of Chemistry, University of South Carolina. 317 


W. B. COMPANY 


West Washington Square Philadelphia 5 
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“Setting the pace in chemical purity since 
1882”—that is the slogan, and the reputation, 
of Baker & Adamson. 

That’s because B&A Reagents are always 
uniform. Their purity is predetermined. They 
always meet or exceed established A.C.S. 
specifications—the strict, impartial purity re- 
quirements set by the chemical profession 
itself for careful analytical work. 

But you get more than this with B&A! 
You have a wide and excellent selection 


to choose from. B&A offers over 1,000 purity 
products of Reagent, A.C.S., C.P., U.S.P., 
N.F. and Technical grades. And B&A’s own 
well-stocked distributing stations, located in 
key industrial centers, are ready to supply 
your needs promptly and efficiently. 

Just tell the nearest B&A office what your 
regular reagent requirements are; they will 
be glad to build stocks to meet your par 
ticular needs. 


Baker & ADAMSON 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


Offices: Albany « Atlanta « Baltimore* « Birmingham* 


e Boston e Bridgeport* Buffalo* Charlotte*® 


Chicago* Cleveland* Denver* Detroit* « Houston* « Jacksonville Los Angeles* « Minneapolis 
New York* Philadelphia* Pittsburgh* Providence* « St. Louis* San Francisco* Seattle « Yakima Wash.) 
In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 

In Canada: The Nichols Chemical Company, Limited « Montreal* « Toronto* « Vancouver* 
SETTING THE rACE IN CHEMICAT SINCE 1882 


*Complete stocks are carried here. 
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MAISCH 


A New High in 
Metering Efficiency 


Merering 


¢Variable Capacities— 
Oto 3.2 gal/min. 


Fixed capacity units 
175 to 4.8 gal/min. 


*Sterilizable by steam 
autoclaving. 


¢Made of non-pyrogenic 
materials. 


*Pump instantly 
detachable. 


tEasily disassembled 
for cleaning. 


*Non-pulsating positive 
displacement. 


*Self-lubricating oilless 
bearings. 


*Automatic volumetric 
dispensing controls 
available. 


These pumps are designed and built for those requiring the utmost in accuracy 
and dependability in the metering of small volumes of liquid. They provide 
for precision control in the dispensing of hot or cold viscous or non-viscous 
liquids such as soaps, oils, perfume, liquid fat, wax, glue, beverages, fruit 
juices and numerous chemicals. And they have been found equally valuable 
for the control of biological fluids and other sterile solutions. 


The flow of the Maisch Pump is continuous, smooth and non-pulsating. 
Variable speed is instantly adjustable to the exact amount desired from 
zero/ml sec to the maximum capacity of the pump. The simple design permits 
easy disassembly for cleaning and sterilizing. 


Materials used in Maisch Pumps are non-pyrogenic and remain sterile 
while dispensing sterile liquids. They resist corrosion and chemical reaction 
of most liquids and do not contaminate or otherwise affect the quality and 
flavor of beverages. 


Maisch Pumps are available in a wide variety of types and capacities 
ranging from zero to 4.8 gallons per minute. Write today for complete 
details and prices. 


CENTRAL SCIENTIFIC COMPANY 


1700 IRVING PARK ROAD e CHICAGO 13, ILLINOIS 


one dependable source of CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCC) 
supply for everything pool g in SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 


1 
ctory supplies Over 15,000 | PE EEN ERY SUPPLY COMPANY 


621 EAST FOURTH STREET @ TULSA 3,OKLAHOTAA 
2215 MeKINNEY AVENUE HOUSTON 3,TENAS 
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Set of two replaces up to nine regular thermometers 
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ADJUSTATHERM 


(an adjustable stem thermometer) 


no longer require individual immersion 
thermometers for each of your various size . 
flasks. Two ‘“‘Adjustatherms” will replace up 
to nine of the conventional type! They’re more 
convenient to use and will save you money. 


With an “Adjustatherm,” in addition to taking 
the liquid temperature, you may also obtain 
the vapor temperature without dismantling the 
equipment! Simply lift up the thermometer. 


This new instrument, which works like a trom- 
bone, consists of a thermometer having either 
an etched scale with clearly defined markings 
against a yellow background—or a milk glass 
scale. The thermometer fits into a precision 
bore sleeve (or adapter) with either a standard 
taper or semi-ball joint. There are two sizes 
of immersion stem lengths to choose from: 
1) 2” minimum-6'/,” maximum for 250 to 
3000 ml. flasks. 2) 7” minimum-11!/2” maxi- 
mum for 5000 to 22,000 ml. flasks. 


y N “Adjustatherm” shown in 


actual use 


Note both 


Sizes are 


available with stand- 
ard taper or semi-ball 


joint 


sake 


The “Adjustatherm” is made in three ranges—0° to 
150°C., 0° to 250°C. and 0° to 360°C. 


ETCHED SCALE 

No. Length Range Each 

J-2295 614” 0-156° C. $ 6.50 
J-2295-1 614” 0-250° C. 6.50 
J-2292-2 614” 0-360° C. 6.50 
J-2296 114” 0-150° C. 10.00 
J-2296-1 114” 0-250° C. 10.00 
J-2296-2 0-360° C. 10.00 


No. 
J-2297 
J-2297-1 
J-2297-2 
J-2298 
J-2298-1 
J-2298-2 


MILK GLASS SCALE 


J-2299 ¥ 10/18 Adapter only $3.50 
J-2299-1 SB 18/6 Adapter only $3.75 


SCIENTIFIC GLAS 


APPARATUS CO.,INc. 
BLOOMFIELD - NEW JERSEY 
_- LABORATORY APPARATUS - INSTRUMENTS - CHEMICALS - GLASSWARE 
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TRIPLE-BEAM STAINLESS 


CAPACITY 
111 g. (With extra weight 201 g.) 


CORROSION-RESISTANT! 


All exposed metal parts are stainless steel. A tough, 
tenacious, chip-proof, metallic lacquer is used on the 
base and beam support. 


FUNCTIONALLY DESIGNED! 

Scales are stepped upward front to rear for best eye- 
levei visibility and to make weights convenient to ma- 
nipulate. The larger weights have sharp hanger edges 
and their beams are deep-notched to insure that settings 
will be positive and accurate. 


Patent No. 1,872,465 


d for Enduring Service 
EAI STEEL BALANCE 


3 
BEAM SCALES 
visible at eye level 


COBALITE 
KNIFE EDGES 


Covered 
AGATE BEARINGS 


Hammerloid 
Finished Base 
and Pillar 


SENSITIVITY 
0.01 g. or less 


ONE-PIECE BEAM CONSTRUCTION! 


No screws, rivets, or separate scales to become loose. 
Hard-to-clean crevices and cracks are eliminated. 


RAPID ZERO SETTING! 


The usually tedious adjustment to zero is accomplished 
almost instantly by means of a leveling screw. No more 
careless acceptance of a poor zero setting because of 
the nuisance of correcting it! 


No. 4030 Triple-Beam Balance—Stainless Steel 
EACH $22.25 


Extra Weight $1.30 Additional 


WRITE FOR OUR 120-page CHEMICAL APPARATUS CATALOG INCLUDING NO. 4030 
AND MANY OTHER WELCH ITEMS FOR THE CHEMISTRY LABORATORY 


M. WELCH SCIENTIFIC COMPANY 


OF, wm WELGH MANUFACTU! N 
ESTABLISHED 1880 


1515 DEPT.D 
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Everyonr is concerned these days with the problem of 
“scientific manpower.” It seems to be agreed that the 
attack on this problem should be from all sides: a frontal 
attack aimed at overcoming resistance by the weight of 
heavy numbers, interesting and recruiting many more 
potential students in the field of science; at the same 
time flanking movements and guerrilla tactics to pick 
up a little strength here and stop a little wastage there. 

Two contributions to this effort came to our attention 
recently. The first of these is a suggestion made by 
L. A. Wetlaufer of the duPont Company at a recent 
meeting of the Scientific Apparatus Makers Association. 
To quote Chemical and Engineering News, in which 
the meeting was reported, ‘‘He also encouraged college 
and secondary school authorities to make a more thor- 
ough study of the high attrition rate in technical 
courses.”’ This isn’t a new idea, but maybe we haven’t 
thought about it often or hard enough. Without fig- 
ures at hand upon which to base the belief, I neverthe- 
less feel sure that a larger percentage of students leave 
the major subject of chemistry than any other subject 
in the college curriculum. This move to other fields of 
interest may be the result of the lack of ability, or— 
probably too often—frustration and loss of interest. 
In the first case there is probably little to be done, with- 
out running the risk of lowering the standard of the 
profession—which is scarcely the way to solve the man- 
power problem. But the second case should be to a 
large extent avoidable. 
begin to drop away from him should search his soul and 
conscience to find out whether the fault is his. In- 
evitably, students make wrong choices and, for per- 
fectly good reasons, find their interests changing. But 
when this becomes chronic there is probably something 
wrong in the teaching. It would be interesting to know 
whether such “defections” are more common in the 
larger schools than in the smaller. If so (which I 
rather suspect), it is evidence for those who maintain 
that teaching is better and more effective in the smaller 
institutions than the larger. ‘A chemist saved is a 
chemist gained,” if one may reckon chemists by the 
pennysworth, and conversely, every teacher who through 
fault of his loses a potential chemist makes the job 
just that much harder for the teacher whose skill is able 
to attract new ones. 

I’m afraid we too often feel that we are well rid of the 
student whose determination or ability is so weak that 


Every teacher whose students’ 


he can be shaken out by a little rough treatment. To be 
sure, we want chemists of great determination and high 
intelligence, but all students can’t be at the top of the 
class at the same time. Furthermore, there is an un- 
comfortably large proportion of people who have risen 
to distinction after an unimpressive start. 

The second contribution is the announcement by 
Mount Holyoke College of the establishment of “an 
agency of the college to be known as Industrial Associ- 
ates for Women in Science: a collaboration of science, 
industry, and the liberal arts.’ The impulse which led 
up to it was “‘a widening recognition today, not only of 
the need for women trained in science to help meet grow- 
ing shortages of personnel, but of the need for scientists 
who have a basic education in the humanities.’”’ This 
event deserves applause, as well as a close watch to see 
what it may lead to. It has three aspects of interest: 
it can be a contribution to manpower (through ‘‘woman 
power,” which proved enormously useful during the late 
war); it is a recognition of the peculiar but important 
relation of the liberal arts college to the training of 
scientific workers; and it provides a way by which in- 
dustry can begin to repay the enormous debt it owes to 
the college. Perhaps the last of these is the most 
important. 


Ax uasr we have come to the culmination of a long 
effort. Elsewhere in this issue will be seen the announce- 
ment of our 25-year Cumulative Index. For a long time 
we have had inquiries about such an index, but its com- 
pilation has not been a light job, since it was not done 
by accumulation of annual indexes but by going back 
anew to the original numbers. The heavy work was 
done by Dr. and Mrs. Ross A. Baker, an appropriate 
arrangement, for Dr. Baker had a good deal to do with 
the JoURNAL in its early days. 

The index has been compiled with the needs of the 
teacher continually in mind; he will be the principal 
user. For years, the wealth of teaching material in the 
earlier numbers of the JouRNAL has been almost inac- 
cessible because of the lack of a suitable subject index. 
We hope that this has now been supplied. While the 
science of chemistry has changed a great deal since 
1924, there are many aspects of the teaching of chemistry 
which are timeless. In no other place in the world has 
so much of this material been collected. It is now 
available for your use. 
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Editor's Note: The publication of this paper at his writings, and that he cared greatly that they should be ist 

the present time is particularly appropriate, since known and read; and any one who has taken the trouble - 

1952 is being celebrated throughout the world as to make vege familiar with the Master’s writing will, I no 

. 4 . 3 think, hardly resist the conviction that even the character b 

the 500th anniversary of Leonardo's birth. His of the writing was expressly adapted to that view. We = 

sctentifie contributions are perhaps less well know from the evidence of his friend Luca Pacioli that i 

known in the field of chemistry than in other fields. Leonardo drew with his left hand, and used it with perfect the 

Ready will nele @ peculiar thing about the ease. In point of fact, in almost every drawing authenti- A 

F 3 cally known to be genuine—as those included in the texts of 

illustrations—some of them seem to be reversed, of manuscripts must be—wherever shading is introduced bi 

Jor the handwriting goes from right to left. The the strokes lie from left to right (downwards) as they " 

reason for this is given in “The Literary Works of would be drawn with the left hand. ; ~ 

Leonardo da Vinci,” by Jean Paul Richter (Oxford _“The question as to why Leonardo drew and wrote with ble 

Dinieweity Pree, Loudon, 1999). ¥ his left hand has been much discussed and is still of interest. ing 

mnrvey ? , As explained above it seems unlikely that the reason was a ' 
“Contrary to the universal custom of western nations, wish to keep his writings secret. His earliest notes made 

Leonardo committed almost al] his notes to paper in a when he was twenty-one were also written backwards; 4 

handwriting that goes from right to left. This singular and it is improbable that at that early age he should have for 

habit has sometimes been accounted for by supposing that been in need of such an expedient. It is perhaps more col 

Leonardo felt it necessary to put every difficulty in the likely that he was deprived of the normal use of his right to 

way of the publication of his works. This assumption, hand by an accident or in a fight. The Cardinal Luigi ica 
however, seems to me to rest on no solid grounds, and is d’Aragona has been told by Leonardo himself at Amboise, 

but an hypothesis at best. Perfectly explicit statements when paying him a visit in October 1517, that he could only tas 

prove, on the contrary that Leonardo wished to publish work with his left hand, the right one being crippled.” att 

(al 

on 

it) 

You investigators therefore should not trust yourselves to the authors who by employ- ne 

ing only their imagination have wished to make themselves interpreters between nature It 

and man, but only to the guidance of those who have exercised their intellects not with rec 

the hints of nature but the results of their experiments. Uc 

And you should grant that experiments deceive those who do not know their nature, 

because often experiments which look alike,are, instead, of great variety, as is here me 

demonstrated. Le 

Leonardo da Vinci! pre 

no} 

Prnapan claims, in his introduction to a selection of of nearly all, facsimiles are available. However, at- ce 

transcriptions of texts by Leonardo da Vinci, that if tention is drawn to the exclusion of chemistry from his be. 

the master appeared today in a modern academy of knowledge and spheres of interest. This opinion ap- a0 

science he would have nothing to learn but chemistry; pears to be shared by the scholars who transcribed, ot] 

as a physicist and naturalist he would be on a level with translated, and commented on the writings of the mas- en 

those who are four centuries ahead of him. This em- ter, be it in monumental anthologies such as Richter’s’ nif 

phatic overstatement of Peladan is certainly justified and MacCurdy’s* or in numerous monographs. 

by even a superficial examination of the legacy of Leonardo’s contributions have been recorded in the 

Leonardo. Approximately 5000 sheets of manuscript fields as varied as mathematics, mechanics, optics, — 

have come to us, after countless plunderings and losses. acoustics, hydraulics, geology, anatomy, botany, om 

The manuscripts are mostly assembled in codices de- astronomy, physiology, technology, mechanical flying, _ 

posited in the collections of Milan, London, and Paris; - . ——a Lay 

Ricuter, J. P., ‘“The Literary Works of Leonardo da Vinci, ) 

* “Les Manuscrits de Léonard da Vinci,” Les Manuscrits Fet 2nd ed., Oxford University Press, London, 1939. Ne 

I, de la Bibliotheque de l’Institut, par M. Charles Ravaisson- 3 MacCurpy, Epwarp, “The Notebooks of Leonardo da : 

Mollien, Quantin, Paris, 1889. Vinci,’ Reynal & Hitchcock, New York. Ed. 
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ete., etc., but references to chemical observations and 
experiments are scarce. This parsimoniousness about 
chemistry might be considered natural, given the epoch 
in which Leonardo lived. Perhaps it was supposed 
that Leonardo could hardly have applied himself to 
studying phenomena related to chemistry when this 
science did not even have a name, and the aversion of 
Leonardo against the alchemists of his time, “lying 
interpreters of nature,” is well known. 

However, a patient study of Leonardo’s manuscripts, 
as has been attempted by the author of the present 
paper, perhaps for the first time with the eyes of a chem- 
ist, reveals a surprising familiarity on Leonardo’s 
part with the chemical arts of his time. Chemistry may 
not have existed, but chemical phenomena are always 
observable in nature and in life, and empirical chemical 
operations already existed since these were required by 
the refined work of Renaissance artists and craftsmen. 
A sharp observer, as Leonardo was, of the universality 
of natural phenomena, an artist-craftsman who fused in 
himself the whole technological skill of his epoch, could 
not remain indifferent to the chemical phenomena visi- 
ble in daily life, nor could he have refrained from utiliz- 
ing and perfecting the contemporary chemical arts. 

The study here presented is actually the first part of 
a more extensive work in which the chemical references 
found in Leonardo’s papers have been assembled and 
commented upon. It is far from the author’s intention 
to reconstruct supposed writings of Leonardo on chem- 
ical subjects. While there is no doubt that the heri- 
tage of Leonardo still contains sufficient material for an 
attentive reconstruction of books written by Leonardo 
(and which have been lost) or which he wished to write 
on hydraulics, geology, anatomy, mechanics, etc., etc., 
it is evident that chemical references do not form, and 
never did form, a homogeneous and independent body. 
It is inadvisable, in this case, to consider the work of 
reconstruction as recommended by the late Arturo 
Uccelli, and of which he has offered admirable examples.‘ 

At this opportunity, the author wishes merely to 
mention and analyze that part which corresponds to 
Leonardo in the solution of one of the fundamental 
problems of chemistry, the problem of combustion. 


Leonardo’s participation in the studies of the phe-- 


nomena of combustion has not so far been generally ac- 
cepted and evaluated by chemical historians. In a 
book entirely dedicated to this theme, Gregory® hardly 
so much as mentions it. Stillman* and White,’ on the 
other hand, give due credit to the ideas of the great 
encyclopedian of the Renaissance and cite several sig- 
nificant passages in the notes of Leonardo. 

The passages are found in the “‘Codice Atlantico,” 
the iargest collection of the master’s manuscripts now 


*Leonarpo pa Vinct, I libri di Meccanica, nella Ricos- 
truzione Ordinata di Arruro Hoepli, Milano, 1942. 

5 Gregory, Josuua C., ‘‘Combustion from Heracleitos to 
Lavoisier,’ Edward Arnold & Co., London, 1934. 

6 J. M., Story of Early Chemistry,’’ Appleton, 
New York, 1924. 

7 Waite, J. H., ‘‘The History of the Phlogiston Theory,” 
Edward Arnold & Co., London, 1932. 
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deposited in the Ambrosian Library in Milan,’ and have 
been already transcribed and evaluated by J. B. Ven- 
turi, as early as 1797, in his famous Essai.*® 

References made to the phenomena of combustion 
are the following: 


Of Flame. Where a flame occurs, a current of air is started 
which serves to nourish and increase the flame.... 

The element fire continuously consumes the air as concerns 
that portion which nourishes it, and a vacuum would be formed, 
if other air did not come to supply its place. [‘‘Codice Atlantico,” 
p. 237 v.a.] 

Of the Movement of Flame. Where flame cannot live, no animal 
that draws breath can live. Excess of wind puts out the flame, 
moderate wind nourishes it. [Jbid., p. 270 v.a.] 


As White rightly comments, Leonardo appears to 
have noticed the part played by air in combustion, 
nearly three hundred years before Lavoisier. But it is 
not by a “happy knack of arriving, almost by intuition” 
that Leonardo resolves a problem which was to worry ex- 
perimenters for years afterward. 

The ancients realized that air was necessary for burn- 
ing. But the notion of combining air is not so obvious 
compared with the purely mechanical participation of 
air in combustion. The flame might suffocate in an en- 
closed space because the burning body finishes its food 
or because the flame exhales fouling ‘‘fuliginous vapors”’ 
and stifles by their accumulation. 

How did Leonardo come to the correct answer? 

Beside those cited, there are numerous other passages 
in the manuscripts on the necessity of air to sustain a 
fire. But it is probably less known that Leonardo ar- 
ranged deliberate experiments on enclosed combustion. 

I found the classical figure of the vessel inverted over 
water, where a burning charcoal has been placed, 
sketched several times in Leonardo’s papers. 

This experiment, performed today as after-dinner 
amusement by any child, is age-old. Two surprising 
results are constantly observed: The charcoal or candle 
burns only for a limited time and after things have 
settled down, the water level rises in the vessel. 

The first description of the experiment, together with 
an attempt to explain it, is to be found already in the 
“Pneumatica” of Philo of Byzantium (a.p. 250),!° but 
Philo misses the correct interpretation because the ob- 
served phenomenon is complex: A part of the air is 
consumed, a new gaseous substance, carbon dioxide, is 
formed and the heated enclosed gases escape as bubbles 
through the water seal. After cooling, the atmospheric 
pressure makes the water level rise, until external and 
internal pressures are in balance. Philo’s explanation 
is confused: 


8 “T] Codice Atlantico’’ di LEoNARDO DA VINc1, nella Biblio- 
teca Ambrosiana di Milano, riprodotto e pubblicato dalla R. 
Accademia dei Lincei, da Giovanni Piumati, Hoepli, Milano 1894— 
1904. 

® VentuRI, J. B., ‘‘Essai sur les Ouvrages Physico-Mathéma- 
tiques di: Léonardo da Vinci,’ Duprat, Paris, An. V., 1797. 

10 CARRA DE Vaux, Bernarp, ‘‘Le livre des Appareils Pheuma- 
tiques et des Machines Hydrauliques de Philon de Bysance,”’ 
Klincksieck, Paris, 1902. 
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You will see the water in the vessel ascend toward the amphora. 
This could happen only for the reason which we have stated, 
namely that the air imprisoned in the amphora vanishes, is ex- 
hausted and goes away because of the presence of the flame, and 
that it cannot subsist with it, and when the air has been dissolved 
by the movement of the fire, the water rises in proportion to the 
air that has gone away. This is like what we have seen happen 
in the siphon; the air is diminished, dissolved by the fire, and 
that is why the water rises and comes to fill the space which 
becomes empty. 


Sir Francis Bacon (1561-1626) described the same 
experiment, but did not find the right interpretation. 
In Bacon’s time the experiment was apparently fairly 
well known, for he speaks of it as common." 

It was also probably common more than a hundred 
years before, in Leonardo’s time. We find the drawing 
of the vessel inverted over a water vessel on one of the 
oldest known writings of Leonardo, page 400 v.a. of the 
“Codice Atlantico” (Figure 1). The drawing is ac- 
companied by a short instruction: “A lighted charcoal 
placed in the bottom of this jug, will have the power to 
fill it with water.” 

On the same page Leonardo has drawn the head of a 
blowing child, with the remarks: ‘‘When this head is 
filled up to the mouth with water, if the water boils 
and the steam escapes only from the mouth, it has the 
power to kindle a fire.” 

It is another old scientific curiosity, already described 


11 Grecory, loc. cit. p. 98. 
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Figure 2 


by Albertus Magnus and called “sufflator,” of which a 
detailed account may be found in the works of Feld- 
haus.'*: 13 

The page has a considerable interest from a paleo- 
graphic and historic standpoint; it has been reproduced 
and commented upon by Girolamo Calvi.‘ The page 
is written with the elaborate calligraphy characteristic 
of the earliest writings of Leonardo. Calvi observes 
that the sheet has the same characteristics as a dated 
page of 1478. 

A second, almost identical drawing of the subject 


, appears on page 348 r.a. of the same codex (Figure 2). 


It is a clean sheet, dedicated entirely to a collection of 
scientific and mathematical amusements. We are 
surprised to find here such oldtimers as the cane sup- 
ported on two glasses, broken by a sudden blow, or the 
directions for twisting a big nail with the bare hands, or 
the immortal trick of putting a number of coins in a 
glass full of water, without spilling a drop. Our ex- 
periment on enclosed combustion is another number of 
the “after dinner science” annotations of young Leo- 
nardo. He explains: “Take a jug and set it upside down 


12 FeL_puaus, F. M., ‘‘Die Technik der Vorzeit. der Geschicht- 
lichen Zeit und der Naturvélker,’”’ W. Engelmann, Leipzig & 
Berlin, 1914, p. 844. 

13 Fecpuaus, F. M., ‘‘Leonardo der Techniker und Erfinder,” 
E. Diederichs, Jena, 1922. 

144 Catvi, Manoscritti di Leonardo da Vinci,” 
Nicola Zanichelli, Bologna, 1925, pp. 18-19. 
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in a bowl of water and place a lighted chareval on the 
bottom. The heat will have such a power, that the 
water will rise and fill the said jug.” 

Calvi places this sheet in the same early group of 
Leonardo’s writing. Both pages may have been written 
around 1478 and belong consequently to the first Floren- 
tine period. 

In that period the ac- 
tivities of young Leon- 
ardo were solely directed 
to artistic ends and to 


practical projects of tech- % 
nology. 

The experiments with =, 
steam are purely amus- ad 
ing curiosities that Leon- Figure 3 


ardo notes down, to- 
gether with other jokes, to exhibit them, perhaps, in 
gay and friendly reunions. 

It is surprising to find once more the sketch of the 
vessel inverted over water, together with the head of 
the blowing boy, in a later sheet, page 80 r.b., of the 
codex (Figure 3). 

It is a page hastily written and drawn; the figures 
mentioned have no commentaries, but the text undoubt- 
edly permits a relation between this page and the ones 
numbered 55 v., 56 r., 56 v., and 57 r. of Codex A (2172) 
from the Institute of France.” 

The page of the codex must be considered as a first 
draft on the working of the passages of Codex A, that 
Leonardo calls: “Beginning of the Treatise on Water.” 

On page 56 r. of the Institute’s Codex A, (Figure 4) 
we again find the characteristic figure of the experiment. 
Richter considers this codex to have been written by 
Leonardo around 1492, that is, during his residence in 
Milan. 

The master becomes increasingly absorbed in scien- 
tific studies and he begins to neglect his art. Codex A, 
with its varied contents, reflects Leonardo’s spheres of 
interest: problems of geometry and perspective alter- 
nate with those of mechanics and hydraulics. But 
above all, his mind is absorbed by the earth’s problems. 
How does water rise to the peak of the mountains, hide 
in their entrails, to sprout later in fountains, forming 
rivers? 

This is a problem that is to preoccupy him for the rest 
of his life, and that will lead him to the successive for- 
mulation of erroneous theories, until finally he reaches 
the truth. 

In Codex A, Leonardo still tries to demonstrate that 
by subterranean conduits the water of the sea rises to 
the mountains, from whence it descends later in the 
form of brooks and rivers. But how does water rise, 
challenging the laws of gravity that Leonardo already 
knows and defines? It is then that the master recalls 


18 “T Manoscritti ei Disegni di Leonardoda Vinci.” Pubblicati 


della Reale Commissione Vinciana, Vol. II. IL Codica A (2172), 
nell’ Istituto di Francia, Libreria dello Stato, Roma, 1936. 


the amusing experiments noted down in his youth. 
And following the current opinions on macrocosm and 
microcosm, he tries to explain: 


Explanation of the Presence of Water at the Summiis of the Mount- 
ains. I say that it is just like the blood which the natural heat 
keeps in the veins at the top of the man.. .it is the same with the 
springs which ramify through the body of the earth and, by the 
natural heat which is spread through all the body that contains 
them, the water stays in the springs and is raised to the high sum- 
mits of the mountains.... Moreover the warmth of the element 
of fire, and by day the heat of the sun, have power to stir up the 
dampness of the low places and draw this to a height in the same 
way as it draws the clouds and calls up their moisture from the 
expanses of the sea. 

As for the proof that heat draws moisture, it is shown as fol- 
lows: heat a jug and set it in a vase with the mouth downwards, 
and place there some charcoal which has been lighted. You will 
see that the moisture, to follow the heat, will rise and fill the jug 
with water, and the air which was enclosed in this jug will escape 
through its opening. 

Also if you take a wet cloth and hold it to the fire, you will see 
the damp of the cloth leave its place, and the part of the moisture 
which has least substance will rise up, drawn by the proximity of 
the fire which from its nature rises towards the region of its 
element. In this way the sun draws up the moisture. 


We thus see that Leonardo adopts the erroneous in- 
terpretation of Plinius and Seneca on the same phe- 
nomenon. But Leonardo needs and looks for more 
causal, more scientific explanations. It must be found 
out why water rises from the sea until it reaches the sky, 
in the form of vapor, and from the sea to the heights of 


Figure 4 
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the mountains, through the interior of the earth It is 
the heat that draws moisture. And he presents as 
proofs experimental models: the experiments with 
the vessel inverted over water and the phenomena of 
capillarity which accompanies the drying of a cloth. 
Under the sketch of a mountain, with its caverns and 
subterranean channels, there is another poorly defined 
drawing where Leonardo says: “If you take the in- 
strument rf and you heat it on the top, the water will 
depart from fr and, rising, overflow at a.”’ Through 
this image of a kettle heated at the top, Leonardo tries 
to offer a model of a mountain, heated by the sun; by 
this action a spring sprouts from the earth. This “in- 
strument” is also found drawn very schematically on 
page 80 r.b. of the “Codice Atlantico” and replaces 
the “sufflator” in the final text of the Codex A of the 
Institute. 


ot 


Figure 5 


The experiment on enclosed combustion is described 
once more upon a loose page of the Windsor collection, 
W., 12641 

Clark, in accordance with Marie Herzfeld,'’ dates the 


16 Ctark, KennetH, ‘‘A Catalogue of the Drawings of Leo- 
nardo da Vinci, in the Collection of H. M. the King, at Windsor 
Castle,’’ University Press, Cambridge, 1935. 

17 HeERZFELD, Martie, ‘Mitteilungen des kunsthistorisch 
Institutes in Florenz,’”’ 4, Pt. 1, p. 1. 
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page 1504-07, based on analogies with page 15577 of the 
Royal Library of Torino. Nevertheless, the principal 
themes of the drawings and of the text relate this page 
to the others we have just considered (“Codice Altan- 
tico” p. 80 r.b. and Codex A, pp. 55-57). 

Perhaps the beating human figures, the ones referred 
to by Marie Herzfeld and Clark, were drawn upon the 
sheet later on, a fact that can be verified in several of da 
Vinci’s manuscripts. 

Many years pass during which Leonardo still medi- 
tates on the great problems of theearth. Between 1504 
and 1506! he edits the manuscript known today as the 
Leicester Codex.'® It is one of the most valuable and 
complete sources for the study of Leonardo’s already 
mature mind. The sheets have been preserved intact 
and in the order assigned by the master, and the editing 
is nearly complete, even if it does not represent what 
we call today “a manuscript ready for printing.” 

In the sheets of this codex, Leonardo reconsiders his 
theory on the circulation of water and about the ex- 
perimental models which he has used in his previous 
investigations.. It is no longer the heat of the sun on 
the mountains’ summits that makes the water of the 
sea rise, but the earth’s volcanic heat [Leicester Codex, 
p. 28 r.]. 


The fire which burns in the body of the earth, heats the water 
enclosed in great caverns and other cavities; and this heat raises 
the temperature and evaporates the said waters, and makes them 
rise to the heights of these cavities and penetrate the mountain’s 
fissures to the highest peaks, where the presence of low tempera- 
tures converts them again into water, as is seen to happen in the 
alembic. The sources of the descending rivers can be traced to 
the flowing back of the said waters. 


In another part of the codex [Leicester Codex, p. 3 v.] 
we find Leonardo’s sincere retraction of his previous 
convictions, that now, through a polemic fiction, are 
attributed to the reader: 


If you should say that the water rises to the summit of the 
mountains drunk or sucked as by a sponge, from the depths to the 
heights,...the answer is that the water which rises to the top of 
a sponge or of a felt or other porous body, will not part or descend 
from the said porosity unless at a point lower to its entrance in the 
body. And if you should say that the heat of the sun would 
draw the water from the mountains’ caverns to the summits, like 
vapor is drawn from the open seas and lakes to form the clouds, 
the answer is that if the heat should be the cause that draws the 
essence of the rivers to the peaks of the mountains, then where 
the heat is more powerful the veins of water should be wider and 
more abundant than in the cold regions: but we see it is the 
contrary. 


In the beautiful and well-detailed sketches (Figure 5) 
from the same source Leonardo offers the graphic rep- 
resentation of his new theory: at the roots of the 
mountains there are caverns where, through long and 
ramified veins, the water that comes from the sea 


18 Opinion of G. Calvi (Introduzione, p. XVII) shared by 
Ricuter, loc. cit. p. 400. 

19 “‘T] Codice di Leonardo da Vinci della Biblioteca di Lord 
Leicester’ in Holkham Hall. Pubblicato sotto gli auspici del R. 
Istituto Lombardo di Scienze e Lettere, da Girolamo Calvi. Ed. 
Cogliati, Milano, 1909. 
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gathers together; underneath those subterraneous 
lakes is the earth’s fire, which provokes the evaporation 
of the waters. The vapor ascends through other chan- 
nels up to the heights, where it is condensed by the low 
temperature and then comes to light, in the form of 
springs. 

Underneath the drawing of a section of the mountain 
he says: “level of the sea, exhaled by the fire which is 
found at the center or body of the earth.” 

This is not the place to examine further Leonardo’s 
ideas and theories about the circulation of the waters on 
earth. In the Leicester Codex he abandons an erro- 
neous theory for one that is equally erroneous. His 
powerful imagination has taken him to the conception 
of titanic alembics which, hidden in the earth’s en- 
trails, unceasingly distill the marine waters, giving 
birth to the rivers. 

It is interesting to observe on the same page the per- 
fectly drawn figure of an apparatus of destillatio per 
descensum. The corresponding text reinforces the ar- 
guments against those who presume that “heat draws 
moisture”’: 


Because the exhalation of the vapors always runs towards their 
exit, it is required that if the exit of the distillation lies low, such 
distillation should be descensory. This is against those who 
affirm that water rises to the mountains because the heat draws 
the humors to the ceiling of the caverns; it is here demonstrated 
that they must be directed towards the exit, that is, the beginning 
of the veins of the rivers. 


Farther te the right, on the same page, Leonardo also 
refutes the experimental foundations of his former 
theory. Below the drawing of a new experiment of 
enclosed combustion, he notes: 


If a lighted charcoal is placed on the vessel n, the water which 
was on the level rs, will rise to the height n; and this does not 
happen because the heat draws the moisture, but because the air 
is consumed by the introduction of the fire, which has not enough 
plenteousness, and the water by itself rises to restore the vacuum. 
But if you want to be certain that water is not drawn by the fire, 
make a hole on the vessel m, at the point p, and you will see that 
the water will not move from its place. 


Leonardo has not yet revealed the mystery of the 
circulation of the waters on the earth but has resolved, 
at random, one of the fundamental problems of chem- 
istry! For the first time Philo’s experiment has been 
correctly interpreted. 

The experiments described in the pages of the Lei- 
cester Codex differ fundamentally from those previously 
mentioned. In those, Leonardo used vessels of com- 
mon use, called guastada or amola. Neither the text 
nor the drawings allow a conclusive inference on the 
nature of the experiments, 7. e., if the vessels have been 
heated by external application of burning charcoal or if 
a true enclosed combustion has been arranged. 

In the Leicester Codex Leonardo uses vessels of dif- 
ferent shape and larger volume, which he calls vasi. 
That in this case a true experiment on enclosed com- 
bustion has been achieved, where the active participa- 
tion of air is clearly stated, is confirmed by Leonardo’s 


own words: “air is consumed by the introduction of the 
fire.”’ 

It is also significant in the clearness with which he 
correlates the phenomenon of combustion with the one 
of animal and even vegetal respiration. He had already 
affirmed in “Codice Atlantico,” page 270 r.a., that: 
‘Where flame cannot live, no animal that draws breath 
can live.” Short but illuminating is the note in Codex 
Arundel, page 205 v.,:°° “Because the enclosed fire 
immediately dies. Similarly in the caves of the gran- 
aries.” 

After Leonardo, the next reference to air as having 
some part in combustion is to be credited to Robert 
Fludd. He described in 1617 the experiment on en- 
closed combustion and drew the conclusion: ‘water 
enters the flask in proportion as the air has been con- 
sumed. For air nourishes fire and in the nourishing is 
consumed.”’*! It is surprising to discover in this phrase 
almost exactly Leonardo’s wording! 

The further development of the ideas on combustion, 
with Rey (1575-1645), Hooke (1635-1703), Mayow 
(1643-79), and Boyle (1627-91), and the reign of the 
theory of phlogiston, are too well known to require dis- 
cussion here. The experiments with combustion drove 
Leonardo’s indefatigable mind immediately toward 
practical applications. 


Figure 6 


On page 7 r.a., “Codice Atlantico,” he describes an 
instrument (Figure 6) in which by the rarefaction of the 
air, caused by combustion, water is forced to rise from a 
well. The same principle, in a more elaborate form, is 
found described on page 5 r.a. (Figure 7). Feldhaus 
adds: ‘At the Industrial Exposition of Vienna in 1905, 
a car was exhibited, on which a big boiler was secured. 
By lighting a straw-fire in the kettle and connectir, .. 
with a well, after cooling down, water was sucked into 
the boiler by the vacuum formed therein.” 

Undoubtedly the most interesting practical applica- 


20 ““T Manoscritti e i Disegni di Leonardo da Vinci,’’ Pubblicati 
dalla Reale Commissione Vinciana. Vol. I. I] Codice Arundel 
263, Danesi, Roma, 1923-30. 

21 ParrersoN, T. S., ‘“John Mayow in Contemporary Setting,’* 
1932, p. 510. Cited by Grecory, loc. cit., p. 98. 
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tion of this phenomenon is to be found in Manuscript 
F, page 16 (Figure 8). Under the drawing, Leonardo 
notes: 


To lift a weight with fire, like “cornetto” or “coppetta”: and 
the vessel should be one fathom wide and ten long, and should be 
strong; the fire should be lighted below, like in a bombard and 
the hole rapidly closed and immediately closed on top; you will 
see the bottom rise, which has a very strong leathern valve like 
the bellows; and this is the way to lift any heavy weight. 


This conception of an atmospheric fire engine has been 
very highly praised by Feldhaus (loc. cit.) 


Coming back to our main subject and driving to a 
conclusion, we may state that the experiments on en- 
closed combustion, performed by Leonardo, have been 
executed first as curiosities and later looking for an ex- 
perimental support for his theories on the circulation of 
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Figure 8 


waters. Later on, he made use of these observations 
and conclusions in his studies on the nature of the 
flame. 

It is amazing to observe how Leonardo came to the 
correct interpretation of the phenomenon of combus- 
tion 150 years before Fludd and Mayow. It is also 
remarkable how simple is Leonardo’s language, de- 
scribing chemical operations and phenomena; it is al- 
most modern, compared with the tortuous and decep- 
tive speech of the chemists of the seventeenth and 
eighteenth centuries. 

As for the last word on the circulation of the waters, 
the old master, driven only by his inextinguishable 
ardor for truth and knowledge, wrote [“Codice Atlan- 
tico,” p. 160 v.a.]: 

“The water of the rivers comes not from the sea but 
from the clouds.” 
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THE VERSENE COMPLEXES’ 


ROBERT L. PECSOK 
University of California, Los Angeles, California 


EvrayLeNeDIAMINETETRAACET Ic acid was 


first made available by the I. G. Farben- a, ha 
industrie (1) in 1936 and has sincefound j 
increasing use as a complexing agent for / j ee 
metallic ions. Its sodium salts are re- H ¥ Se 
ferred to in the literature by several trade $6 \ / 
names: Versene, Sequestrene, Trilon B, | 
Complexone BI, III, or IV, and will here- ‘ 
‘after be called “versene.” Inasmuch as * j \ 
an excellent bibliography is available (2), i ¥ \ ts / \ 
this paper is not intended asareview,but / / \ 
rather indicates some of the analytical / / \ 
characteristics of a number of versene ” 
complexes, as determined by the present Figure 1. Relative C tration of V. Sp as a Function of the pH 
author, are reported, and its usefulness as 
a supporting electrolyte is discussed. This system of rings is further stabilized by the ethyl- 
The acid itself enic linkage between the two nitrogen atoms. 
HOOCCH, CH.COOH The formation of more than four such rings is pre- 
~ vented by steric effects, leaving at least one water 
N—CH;—CH:—N or HY molecule in the coordination sphere which is replace- 
HOOCCH; CH.COOH able by such groups as: OH~, NH;, SCN-, ete. (4). 


is sparingly soluble in water and therefore of little 
interest; however its sodium salts are soluble to the 
extent of approximately 0.3 F. Solutions appear to be 
stable over long periods of time and are attacked by 
only the strongest oxidizing agents. The four re- 
placeable hydrogen atoms, with pK values of 2.00, 
2.67, 6.16, and 10.26 (3), allow two practicable titra- 
tions to end points at pH 4.5and 8.2. Figure 1 has been 
prepared to show the relative amounts of the five pos- 
sible species present as a function of pH. While this 
type of graph is not new, it is all too seldom seen and 
used, and can be a great convenience in interpreting 
phenomena occurring in solutions of polyprotic acids. 
It serves to emphasize the necessity for careful control 
of pH. 

The peculiar ability of versene to form very stable 
complexes results from the availability of four carboxyl 
and two tertiary amine groups to enter into five- 
membered rings, each ring including the metal ion. 


1 Presented at the Southwest Regional Meeting, American 
Chemical Society, San Diego, California, May 10, 1952. 


The central metal ion is thus more or less surrounded by 
ring structures so that the characteristic reactions of the 
metal are repressed, and the reduction potentials 
altered. 

The stability constants of a number of these complex 
ions have been determined by Schwarzenbach and his 
co-workers (3, 5, 6), largely from pH measurements of 
the liberated hydrogen ion. The constants are listed 
in the table as log K for the reaction: 


Stability Constants of Versene Complexes 


Metal log K Metal log K 
18.45 Fet+ 14.22 
18.38 Mn++ 13.47 

16. ‘td 2.30 
Zn+* 16.15 Mg** 2.28 
Ba** 2.07 


A number of techniques are useful in its analytical 
applications: 

(1) Gravimetric separations and determinations in 
which versene complexes a large number of elements, 
while others are precipitated by oxine, ammonia, etc. 
(7-11). 

(2) Titration of a metal with standard versene 
solution using a specific indicator (12), e. q., water 
hardness test with indicator eriochrome-schwarz-T. 
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(3) Addition of excess versene to the metal in solu- 
tion, followed by determination of the excess versene by 
titration with standard magnesium solution (/3). 

(4) Addition of excess versene to a neutral solution 
of the metal, followed by titration of the liberated 
hydrogen ion to the pH of the reagent (12-14). 

(5) Titration of an unbuffered, nearly neutral 
solution of the metal with tetrasodium versene, noting 
a large increase in pH at the equivalence point (14). 
(6) Potentiometric determinations at a platinum 
electrode, particulariy for iron (14, 16). 

(7) Specific applications to redox titration involv- 
ing otherwise unstable oxidation states (17-290). 

(8) Colorimetric procedures: (a) the versene com- 
plexes are more intensely colored than the correspond- 
ing aquo ions (2/—24), and (b) versene can eliminate 
interferences by sequestering unwanted ions in the 
aqueous phase while the desired element is extracted 
into an organic solvent as another colored complex (25). 
(9) Amperometric titrations at the dropping mercury 
electrode to the disappearance of the diffusion current 
of the metal in question (26). The potential of the 
electrode is maintained at a value yielding a diffusion 
current for the uncomplexed metal but not sufficiently 
negative to cause reduction of the complex formed. 

(10) Direct polarographic determinations. Ap- 
plications are indicated below. 

The powerful complexing property of versene sug- 
gests its use as a supporting electrolyte for polaro- 
graphic determinations. Oniy a few papers concerning 
the polarography of versene complexes are available, 


om a 
Cr 
ui 
—o—e—e— 
Cr 
+ 
= ose Sb Za J 
= 
w 
- 
- 
l l l l l l 
3 5 7 9 i 13 
pH 


Figure 2. Half-wave Potentials for 0.4 Millimolar Solution of Various 
Metals in 0.25 F Versene as a Function of the pH 


and these do not include complete data over wide limits 
of pH and concentrations. Souchay and Faucherre 
(27) list half-wave potentials for copper, bismuth, 
titanium, and uranyl ion in 0.1 M versene with (a) 
1 M potassium carbonate, pH 9.5, and (b) 2 M sodium 
acetate, unstated pH. In a second paper (28), the 
same authors used a mixed versene-citrate buffer, pH 9, 
to determine iron, copper and bismuth simultaneously 
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in nonferrous alloys. Pfeiffer and Offermann (29) 
apparently did a few polarographic experiments with 
the copper-versene complex, but did not give any data, 
Furness, et al. (30), have used the copper complex in 
order to analyze commercial versene products. Koryta 
and Késsler (3/) described a rather thorough investi- 
gation of the cadmium nitrilotriacetic acid (Trilon A) 
complex, and in the same paper stated that the polaro- 
graphic waves of the versene complexes were not suit- 
able for determining stability constants. In a very 
interesting paper concerning the kinetics of versene 
complex formation, Ackermann and Schwarzenbach 
(32) were able to follow the rate of appearance of the 
copper-versene complex polarographically. An ex- 
cellent discussion of the iron-versene system has been 
reported by Kolthoff and Auerbach (33). 

In view of the incomplete data available, it was of 
interest to investigate critically the polarographic be- 
havior of these complexes. The results of a prelim- 
inary survey are described below. 

Polarograms were recorded with a Sargent Model 
XXI Polarograph, previously calibrated with a potenti- 
ometer. The H-cell with external saturated calomel 
electrode was maintained in a water thermostat at 
25.0°C. All potentials were measured and are te- 
ported versus the saturated calomel electrode. The 
capillary had a rate of flow of 1.811 mg. per sec., and 
a drop time of 4.65 sec. at —0.5 volt. No maximum 
suppressors were required. 

The pH of solutions was adjusted with sodium hy- 
droxide or nitric acid and measured with a Beckman 
Model G pH meter. 

Reagent grade disodium ethylenediaminetetraace- 
tate was purified by recrystallization. All other chem- 
icals were of reagent grade and were not further puri- 
fied. Solutions were standardized by accepted pro- 
cedures. 

A number of metals were polarographed in 0.25 F 
versene at small intervals of pH in the range from 3 to 
12. The following ions gave no waves before the final 
current rise, and therefore it must be assumed either 
that their versene complexes are extremely stable or 
that their reduction requires considerable overvoltage: 
stannous, nickel, cobalt, lead, zinc, cadmium, man- 
ganous, aluminum, the alkaline earths, and the alkali 
metals. . In analyzing a mixture, the above elements will 
cause no interference and need not be separated prior 
to polarographing. Ceric ion yielded a gradually in- 
creasing current between zero and one volt, with no 
well-defined wave at any pH. 

The data for a number of metals are presented in 
Figure 2, in which the half-wave potential for 0.4 
millimolar metal in 0.25 F versene is plotted versus the 
pH of the solution. The diffusion current is directly 
proportional to the concentration for these waves, and 
therefore they are of potential analytical use. All are 


well formed and accurately measurable. For the copper 
wave, this proportionality is within +2 per cent from 
to 0.015 M copper. 

Provided reversible waves are obtained, the variation 
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of half-wave potential with pH and concentration of 
versene can be used to calculate complex formulas and 
stability constants. Since a number of complexes are 
possible, e. g., MY", MHY~, MYOH —-, and reduction 
may proceed either to the metal or to a lower oxidation 
state, no general equation is given. For a reduction 
of the type: 


MY~-~- + 2H+ + 2e = M + HoY-- 
it follows that: 
0.059, Ke _ 0.059 
0.059 pH 


where and (#,,,), are the half-wave potentials 
of the versene complex and the aquo ions, respectively ; 
K, is the dissociation constant of the complex MY~; 
K; and K, are the third and fourth ionization constants 
of ethylenediaminetetraacetic acid; and p is the number 
of versene molecules per metal ion in the complex (p= 1). 
Similar equations can be derived for other types of re- 
ductions. 

No evidence has yet been presented that any com- 
plexes exist with a versene to metal ratio greater 
than 1:1. This is not surprising in view of the ex- 
tensive ring formations involved. 

All of the complexes herein reported, except antimony, 
yield reversible or nearly reversible waves in the region 
of pH 3-9, becoming irreversible at higher pH. 

The antimony complex yields a well defined, easily 
measurable wave; however, the experimentally de- 
termined equation of the wave indicates a one-electron 
rather than a three-electron reduction. The half-wave 
potentials plotted in Figure 2 for the chromium and 
vandium systems are for the +3 to +2 and +2 to +3 
couples, respectively. It should be noted that the large 
negative potential, about —1.3 volts, represents an ex- 
tremely powerful reducing agent. Some difficulty was 
encountered with the chromous complex; measure- 
ments must be made immediately after chromous ion 
is added to the air-free versene solution. Oxidation by 
water is complete within an hour. The complete in- 
vestigations of the copper and vanadium systems will 
be reported elsewhere. 

In conclusion, versene appears to be most useful as a 
supporting electrolyte for the determination of small 
amounts of iron, copper, bismuth, titanium, antimony, 
chromium, and vanadium in the presence of large 
amounts of elements which do not yield waves. If a 


large excess of either iron or copper is present, prevent- 
ing accurate measurement of following waves, the re- 
duction of iron can be prevented by the addition of 
fluoride, and/or copper can be removed by the addi- 


tion of iodide ion which precipitates cuprous iodide. 

Versene complexes offer the polarographer another 
set of half-wave potentials for metal analysis. In 
addition, all metals except beryllium can be retained in 
alkaline solutions. Whether or not versene is superior 
to other supporting electrolytes will depend on the 
particular combination of metals involved. 
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A .arce number of the elements in the periodic sys- 
tem can exist in more than one oxidation state besides, 
of course, the pure element (oxidation number zero). 
Examples from freshman chemistry are Fe, Mn, Cr, 
and Cl. To this group also belong a number of metals 
of increasing importance in chemistry and metallurgy, 
such as Ti, V, Mo, W, and of course U, Np, and Pu. 
Many problems in preparative and analytical chem- 
istry are connected with the redox equilibria (oxida- 
tion-reduction equilibria) in an aqueous solution con- 
taining several oxidation states of such elements. For 
instance, one may want to know in which form or forms 
the element can be expected to exist under given con- 
ditions. The problem may also be the reverse: how to 
choose the conditions in order to make this or that form 
of the element predominate over the others. 

All the information needed for answering such ques- 
tions, for mastering the redox equilibria, should be con- 
tained in the standard potentials of the redox couples 
involved; excellent tables of standard potentials have 
been compiled by Latimer (/) and by Latimer and 
Hildebrand (2). However, if one looks up a table of 
standard redox potentials for an element with several 
oxidation states such as Mn one finds something as 
follows (1, p. 225): 


Acip SOLUTION 


1.05 -1.5 -1.1 —2.23 —0.54 
Mnttt- MnO, MnO,—— MnO,~ 


— 1.28 | —1.67 


Basic SOLUTION 


0.5 —0.54 


—0.58 
Mn0O.—-Mn0O,- 
—0.57 


1.47 0.4 = 


and one must admit that it is hard to get immediately 
a clear picture of how the various equilibria interact. 


DIAGRAMS FOR SINGLE-VARIABLE EQUILIBRIA 


Graphical diagrams have been devised for giving a 
survey of other types of complicated equilibria. For 
instance, the very handy logarithmic plots for acid-base 
equilibria (3) are based on the fact that for each acid- 
base pair the ratio [base] : [acid] is a function of one 
single variable, namely the pH of the solution (neglect- 
ing the activity corrections). If we plot the logarithm 
of the concentrations of the different acid and base 
species as functions of pH we get a diagram largely con- 
sisting of straight lines of slope zero or +1. 

A closely related type of equilibrium is the formation 
of complexes between a central atom M and a ligand X. 
In all such systems that have been thoroughly investi- 


REDOX DIAGRAMS 
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gated, not only one “saturated” complex MX, but the 
whole series of intermediate complexes MX, MX,, 
MXs, etc., have been shown to exist. In this case, too, 
there is only one variable deciding the ratios between 
the various complexes, namely the concentration of 
ligand, [X]. (As before, we assume that the activity 
corrections either are constant or can be neglected). 

Equilibria of complex formation can very conven- 
iently be visualized by diagrams with log [X] on the 
horizontal axis, as was shown by Niels Bjerrum (4). 
The author (5) has used these as well as a few other 
types of logarithmic diagrams for representing the com- 
plicated equilibria between mercury and _halogenide 
ions. 

For solubility equilibria, logarithmic diagrams have 
been given by Hagg (3). 

In the fall of 1949 the author developed for private 
use diagrams suitable for representing simple or com- 
plicated redox equilibria (6). Since they may be of 
interest to others, an attempt is made here to describe 
their principles. 

An article in THIs JouRNAL by Delahay, Pourbaix, 
and van Rysselberghe (7) drew attention to diagrams 
of another type, which we shall call E:pH projections, 
and which are also intended to illustrate redox equilib- 
ria. As will be shown below, the two types of dia- 
gram are in many ways complementary to each other. 
The E:pH projections seem to have been originated 
by Clark and Michaelis, and developed especially by 
Pourbaix (8) and Charlot (9) (see 7). 

The standard potentials used in this paper should be 
valid for about 25° C. They have been taken from 
Latimer (1) whenever possible, and usually have been 
rounded off to the nearest 0.01 or 0.005 v. Some of 
them may be subject to revision. However, a critical 
review of the literature for standard potentials was 
considered to be outside the scope of this paper.' 


REDOX POTENTIALS 

In redox equilibria there ig’one main variable deter- 
mining the ratios between all the reacting species, 
namely the redox potential, sometimes called the oxida- 
tion potential, of the system. We shall denote the 
redox potential by E and define EZ as the e.m.f. of the 
cell: 


—Pt, (1 atm.) |H* (unit activity) || redox system |Pt + (1) 


1 Note in proof: The second edition of Latimer (1) appeared 
in the spring of 1952, after the manuscript of this paper had been 
accepted for publication. Some of the standard potential values 
in the second edition differ from those in the first; however, it 
was not thought worth while to redraw the figures accordingly. 
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The redox system may be only a solution, containing of slope +1. In Figure 1b, giving log (a/a3) as a func- 
all the reacting species. There may also be a gas _ tion of EZ, the slopes for az and a; are —1 and 0, also in 
phase, or one or more solids (metals, as Ag or Cu, or accordance with (3). Finally, Figure 1c gives log (a;/a: 
salts as AgCl). Even if the redox system contains a + as), which is (neglecting the activity corrections) the 
metal the measured e.m.f. is always a potential differ- 
ence between two pieces of the same metal; thus the leg 
1 Pt to the right should not be omitted (10). = 
The redox potential Z will be positive for strongly P| 
oxidizing systems such as Cl~/Cle or Ce*+/Ce*+, and 
the negative for strongly reducing systems as Zn?+/Zn or o 
1X,, Cr?+, Cr+. 
too, Some authors, such as Latimer, (/) prefer to use in- as 
veen stead the quantity with reversed sign which might be : 
n of called the “solution potential,” to distinguish it from 0 aw tw 0 Quo 
vity the ‘metal potential” Z. We trust that those readers ian... 
who may be more familiar with the “solution poten- wl a) Sone 
ven- tials” will find little difficulty in reversing the signs. 
the We shall now start with a few simple special redox o 
(4). diagrams and then give the equations for the general 
ther case. 
ide | AND i 
ave concentrations are connected to the redox potential by Sigerent ways: (a) relative to slope 0, a: slope +1, (0) relative 
the equation to Fe’*: a; slope 0, a: slope —1, (c) relative to total iron concentration: 
va 3+ (a: + a3) = constant. 
ye E = Ex+ log = Ex + 0.06 log (2) 
e of In this equation, Ee: is the standard potential E° of the fraction of all iron ions present that have the oxidation 
couple Fe?+, Fe*+/Pt. The activities of the iron (III) di Fi ‘ally th 
and iron (ITI) ions are denoted by a3; and a2. In the ab- Cares essentially the 
— sence of any complex-forming agents we can, with an eame; one mignt Imagme the redox Cingram a8 con- 
— approximation sufficient for our present purpose, set a2 sisting of an infinite number of thin vertical needles 
— and a; equal to the concentrations of the two kinds of in the plane of the diagram, each needle with one mark 
ilib- for az and one mark for a;. The distance between the 
dia- ved two marks is given by (3) for each E value, but the needle 
and 59.16 mv. at 25° C. We can set it equal to 0.06 v. 
her. * , can be moved at will in the vertical direction. With a 
with sufficient accuracy for our present purpose. 
ated Let us rearrange equation (2) to little imagination it is seen how the diagrams la-c can 
’ by be transformed into each other by shifting the needles 
log a; — log a; = — Ex) (3) vertically. 
1 be : All these diagrams show very clearly how Fe** pre- 
rom Equation (3) is given in the standard form we are dominates (a3; >> a) in oxidizing solutions, to the right 
een going to use in the following for redox equilibrium equa- in the diagrams, whereas in reducing solutions (to the 
e of tions. Figures la-c show three redox diagrams, all left) Fe*+ is the dominating form. The two curves in- 
‘ical founded on equation (3) with Ex = 0.77 v. Asinall  tersect at E32, where a3 = a2. In a narrow range around 
was other redox diagrams in the following, the horizontal 2, both ions are present in comparable amounts. 
axis gives the redox potential Z, whereas the logarithms The diagram in Figure Ic is analogous to the logarith- 
of the concentrations (activities) are on the vertical mic pH diagrams (3). Although such diagrams may be 
axis, on a relative scale. The scale of the diagram has somewhat more pedagogical, we shall in the following 
ter- been so chosen that one unit on the vertical logarithm chiefly use diagrams like la or 0, since they contain only 
a scale has the same length as 0.06 v. on thehorizontal FZ straight lines and are thus easier to draw. 
1da- scale, and thus 10 logarithmic units (a factor of 10!) 
the corresponds to 0.60 = In this way as we shall see in a Se. a ae 
the the following, the slopes of all lines in the redox dia- Let us assume that a solution containing iron (IT) 
grams will be integers: 0, +1, +2 etc. and iron (III) ions is in equilibrium with iron metal 
For each E value the distance log a3 — logazand hence (oxidation number 0). We shali denote the activity 
the ratio a;/az is determined unambiguously by (3). [Fe] by a. For pure iron, @9 =1; in an alloy a) may 
The diagram in Figure la gives log (a/a2) for Fe?+ have values different from 1. 
and Fe*+; for Fe?+ (a = az), of course, a horizontal If a foil of platinum or another indifferent electrode 
i line is obtained at 0, whereas Fe*+ (a = as) givesaline is introduced into the solution, its electrode potential 
gly. 


i 


(the redox potential of the solution) must be the same 
as the electrode potential of the iron. Otherwise we 
would get a current and a chemical reaction when short- 
circuiting Fe and Pt, which means that the system 
would not have been in equilibrium. 

This condition gives, denoting the standard poten- 
tials of Fe?+ |Fe and Fe*+| Fe by Ex and Exo: 


[Fe?*] 
[Fe] 


0.06 a2 


E = Ex hog 
0.06 a3 
E Ex + 3 log 7, 


thus 


log az — log = (E — Ex) (4) 
log az — lo (5) 

tos, 09%, 

2, 110 

0 


0 060 120 
e- 

Figure 2. Redox Diagram for Fe. Ex = +0.77 v., Fo = —0.44 v., 
hence Ex = —0.04 v. The @ line is broken where the metal cannot 
exist at equilibrium. (a) a: slope 0, a slope —2, @; slope +1, (b) a slope 
0, a: slope +2, a; slope +3, (c) (a2 + a3) = 0.01 M, unless a = 1. 


Figure 2a is identical with Figure la except that the 
line for do (of slope —2) has been included. At E = Exp 
= —0.44, iron metal (a9=1) is in equilibrium with a 
solution where az = 1, thus the concentration [Fe?+] is 
of the order of 1 M. For higher E values the ap line has 
been broken to indicate that Fe metal cannot exist at 
equilibrium. Already for ZH = —0.41, a7 = 1 would 
correspond to az = 10, an activity that to my knowledge 
cannot be realized because of the limited solubility of 
Fe** salts. Figure 2b gives log (a;/ay ), and thus the 
concentration of the ions in equilibrium with pure Fe. 
The broken lines correspond to equilibria that cannot 
be realized. 

Figure 2c, finally, is somewhat similar to Figure 1c 
and shows the activities (concentrations) of the ions in 
solutions where the total iron concentration is 0.01 M, 
except in highly reduced solutions were metallic iron 
precipitates. The two latter diagrams can easily be 
derived from Figure 2a by “‘sliding the needles.” The 
concentration of Fe?+ obviously decreases very rapidly 
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for E values below Ey». The concentration of Fe*+ ig 
always negligible at equilibrium with metallic Fe. 


GENERAL FORMULAS FOR ATOMIC IONS 


Let us now consider an element Me that can exist as 
atomic ions in several different oxidation states: i, k, | 
. ; some of these oxidation numbers may be negative 
or zero. We shall as before denote by a; the activity 
(concentration) of the species with oxidation number 
zi, and by Ey, the standard potential for the redox couple 
of the oxidation numbers 7 and k, thus the redox po- 
tential of a system with a; = a,. For the reaction 


Me‘+ + (i — k)e~ (6) 

we thus have 
0.06 ai 
E= Ex (7) 


We rearrange equation (7) to give the following con- 
nection between a;, a;, and the redox potential E of the 
solution 


log a: — log ax = — (8) 


A relation of this type holds for each separate pair of 
oxidation numbers. 

On the “needle” for any E value there will be a mark 
for each separate oxidation number. We shall con- 
struct a redox diagram in such a way that for one of the 
oxidation numbers the corresponding marks form a 
horizontal line; it is immaterial which we choose, but 
in general it is advantageous to choose one of the middle 
oxidation numbers, since this will make the diagram 
less space-consuming. It can easily be shown by means 
of equation (8) that the line for each separate oxidation 
step will then be straight and that: 

(a) The difference between the slopes of the log a; and 
log a, lines will be (i—k), the difference between the oxi- 
dation numbers, and 

(b) The lines for any two oxidation states i and k 
will intersect at E = Ey, the standard potential of the cor- 
responding redox couple. 

By means of these two simple rules it is very easy to 
construct and to check ~uch diagrams. 

For an element with © ifferent oxidation states, 
1/n(n—1) different standa . potentials Ey can be de- 
fined. The standard pot. tials are, however, con- 
nected by a number of linear relations. By writing 
down the equations corresponding to (8) for three dif- 
ferent combinations (7, k),.(¢, 1), and (k, 1) we can derive 
the general equation 


— DEu = — + (k — (9) 


In the special case of iron with the oxidation states 
+3, +2, and 0, we have for instance 


3Ew = + Ew = Ex + = 
17.10.77 — 2 X 0.44) = —0.04 v. 


This is seen directly from Figure 2a, if we remember 
that the slope of the log ao line is —2 and that of the log 
a; line +1. 
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THALLIUM, TIN, AND COPPER 


In Figures 3, 4, and 5a we see redox diagrams for TI, 
Sn, and Cu, in all cases drawn with a horizontal line for 
the intermediate oxidation state. The redox equilibria 
of copper are also given in a slightly different form in 
Figure 5b, which shows the equilibrium concentrations 
of Cu?+ and Cu* in solutions with the total copper con- 
centration 0.1 M (except in highly reducing solutions 
where metallic copper precipitates). The information 
given in Figure 5b might also have been obtained from 
Figure 5a. 

The diagrams show that for each oxidation state of 
Tl or Sn there is a not too narrow range of E in which it 
predominates over the other oxidation states.* This is 
in analogy to the Fe diagram (Figure 2a). For Cu, on 
the other hand, the concentration of Cut is always low: 
for E = Ea + '/2: 0.06- log 0.1 = 0.315 v. we have the 
maximum value a, = 10 ~*-4 M. For lower E values, 
[Cu?+] decreases more rapidly than [Cut] so that at 
E = Ex = 0.17 v., a, = a2; but then both are as low as 
10 —5.8 
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Figure 3 (above). Redox Diagram for Tl En = +1.25v., Eo = —0.34v., 
hence Ew = +0.72 v. 


Figure 4 (below). Redox Diagram for Sn. Ex = +0.15v., En = —0.14 
v., hence Ew = +0.005 v. 


EQUILIBRIA WITH H+ AND COMPLEX-FORMERS 


We have hitherto assumed that the element in its 
various oxidation states occurs only in the form of 
atomic ions Me’+, perhaps with some water of hydration. 
However, the element may also be combined with other 
atoms. Sometimes these other atoms may be only O 
and H, as in V(OH),+, VO?+, UO.2+, MnOQ,-, MnO,(s), 


? The measurements of Ey for Sn (11) really seem to refer to 
equilibria with SnCl?-. It might be more correct to replace 
“Sn‘+” in Figure 4 by SnCl?- assuming [Cl~] = 1, and use a 
slightly lower value for Ew. However, we shall stick to the 


policy of accepting the data in (1). 


and FeOOH(s). The formula for the redox reaction 
will then contain also H+ and H,O (or OH~ and H,0). 


leg log 

St 
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Figure 5. Redox Diagram for Cu. Ex» = +0.345 v., Ex = +0.17 v., 
hence Ex = +0.52v. (a) a: slope 0, (6b) a; + a: = 0.1 M, unless a = 1. 


Let us for instance consider vanadium with the oxida- 
tion numbers +5 and +4. In an acid solution the pre- 
dominant kinds of molecules seem to be V(OH),* 
(sometimes written VO.+,) and VO?+. The redox 
reaction is then 


V(OH),+ + 2H* + e~ = VO?* + 3H,0. 


Writing Ey for the standard potential of this reaction, 
and as, a4, and h for the activities (approximately the 
concentrations) of V(OH),+, VO?+, and H+, we find 


ash? 


E = Ex + 0.06 log 
from which since 
—log h = pH 
log as — log a, = Eu) +2pH = E*) 
Ex = Ex — 2pH-0.06 
In the same way we find for the reaction 
UO,2+(as) + + 2e- = U**(a,) + 
log as — log a = ogg — Ex) 
EX = Eu — 2pH-0.06 


and for 
AuCl,~(a3) + 2e- = AuClh~(a:) + 2Cl- 
log ay — log a: = — Eh) 
EX, = Ex + pCl-0.06 
where pCl = — log [Cl~]. 


In general, if we can write the formula for the redox 
reaction 


(ox. state 7) + (i — k)e~ + nH+ + xX = (ox. state k) (10) 


we can deduce the relation 


iog a; — log ax = (E — (11) 
where 
Ex = Ex (npH + (12) 


Of course, one of n and x or both may be negative or 
zero; as usual pX = —log[X]. 
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Figure 6. Redox Diagram for V at pH = 0. Eu = +1.00 v., Ey = 

+0.31 v., Ex = —0.20v., Eo = —1.5v. 


For complicated redox reactions one may draw a 
series of diagrams. In each diagram the pH value and 
the concentrations of the possible complex-formers X 
are kept constant; then within the particular diagram 
the values of FE br remain constant, and the diagram can 
be constructed in exactly the same way as for atomic 
ions, since equation (11) has the same form as (8). 

The constants E}, might be called the formal potentials 
or the practical standard potentials under the special 
conditions of the diagram. This is exactly what is ob- 
tained when “standard potentials” are measured in 1 M 
HCl, 1 M H.SO,, 1 M HCIO,, ete. 


V, U, Np, AND Pu 


Figures 6 and 7 give the redox diagrams for V and Ti, 
both at pH = 0. Each oxidation state has obviously 
one E range in which it predominates. The equilibria 
with metallic V or Ti to the extreme left in the figures 
probably cannot be realized with an aqueous solution 
of pH = 0 because of the evolution of hydrogen at such 
low E. 

In Figure 6 the various formal (since pH = 0, also 


19%? 


1 \ i 


Figure 7. Redox Diagram for Ti at pH = 0. Eu = +0.1 v., Ex = 
—0.37 v., Zo = —1.78 v. 
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standard) potentials have been marked out as the points 
of intersection. 

If pH is changed, the positions of the lines for species 
of formula Me’+ will remain constant, whereas ionic 
species containing excess oxygen will move. For in. 
stance, with increasing pH the lines for the V0*+, 
V(OH),4*, and TiO?+ will be raised relative to the others, 
as shown by (12) and (11). 

Figures 8-10 give redox diagrams for the closely re- 
lated elements U, Np, and Pu at pH = 0. These three 
elements (like americium) all have the oxidation states 
+3, +4, +5, and +6; in the higher two oxidation 
states the formulas of the free ions seem to be MeO,+ 
and MeO,’?+. All three diagrams have been drawn so 
as to make the line for Me‘+ horizontal. 

The diagrams bear out the increasing stability of the 
lower oxidation states of these elements with increasing 
atomic number. The +3 state for U is difficult to ob- 
tain because of the evolution of hydrogen at such low E 
values. For Np and especially for Pu the +3 state pre- 
dominates in the intermediate range of redox potential. 
We also see that it takes higher redox potentials to make 
the neptunyl and plutony] ions predominate than to ob- 
tain the uranyl ion, UO,?*. 

The equilibrium concentration of the ion UO.*(oxi- 


£20 
fo} 


Figure 8. Redox Diagram for U at pH = . Ew = +0.05 v., Eu = 
+0.40 v., Ex = —0.69 v. (12). 
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Figure 9. Redox Diagram for Np at pH = 9. Fu = +1.14 v., Eu = 
+0.79 v., Ea = +0.14 v. (13, in 1 M HCl). 
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dation state +5) is always low; the maximum relative 
amount is obtained at He, the intersection of the U*+ 
and UO,?+ lines, as may be seen from Figure 8 using 
gome imagination. The yield may be raised by in- 
ereasing the pH, since then the two curves UO,?+ and 
UO.+ will rise relative to the others. For Np, on the 
other hand, the +5 state has (like the other oxidation 
states) a range of its own, whereas for Pu there is an E 
range around +1.0 v. where appreciable ainounts of all 
four oxidation states, +3, +4, +5, and +6, are present 
at equilibrium (Figure 10). 


CHLORINE AND IODINE 


Figures 1la and b show redox diagrams for Cl at pH 
= 0 and pH = 14. In both diagrams, the line for the 
+3 state (HCIO, or ClO,.~) has been chosen horizontal, 
and the vertical scale is half that in the previous dia- 
grams. The line for Cl, is valid only for a chlorine pres- 
sure @9 = pce = 1 atm. For other chlorine pressures 
it will be slightly shifted, as one can see from the equa- 
tions: 


+ e~ Cl- 


log ao — log a_, = (EB — Eo,-1) 


0.06 (13) 


Because of the ‘'/:” appearing for log a) but not for 
the other oxidation states, the equilibrium ratios contain- 
ing a will not be independent of the chlorine pressure. 
For instance, for a9 = 0.01 atm., the line for Cl, will be 
1 unit lower relative to the others, which however does 
not change the general shape of the diagram. (Instead 
of setting @9 = pce one might change the standard state 
in the second case and set a9 = 1 for pce = 0.01 atm. 
Then the Cl, line comes out higher by 1 unit than for 1 
atm.) 

The diagram shows that the only two ionic species 
that would be stable at real equilibrium are Cl~ and 
ClO,-. Actually, the activities of Cl- for low EF and 
ClO,~ for high F would be so much greater than those of 
the other species that the corresponding lines are high 
above the area covered by Figures 11a and b. 

If the formation of the ClO,~ ion is retarded by some 
reaction step being very slow, the next stablest ion is 


i 
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e— 
Figure 10. Redox Diagram for Pu at pH = 0, Ess = +0.93 v., Eu = 
+1.08 v., Ey; = +0.97 v. (14). 


ClO;-; all other ions, as well as the acids and the 
chlorine dioxide, are unstable with regard to the forma- 
tion of (ClO3;~) and Cl-. In the “acid” diagram 
there is a stability range for Cl, (g). Thus, if Cl- and 
ClO;~ are mixed in an acid solution, gaseous chlorine 
will evolve until the concentration of at least one of the 
two ions has been considerably depressed. 

Let us consider what happens when elementary 
chlorine is introduced into an alkaline solution, say with 


Figure 1l. (a) Redox Diagram for Cl at pH = 0; Ex = 1.00, Ex = 1.23 
(with HCIO:), Eu = 1.26, En = 1.63, Eo = 1.63, = 1.36. (6) Redox 
Diagram for Cl at pH - 14. Standard Potentials (with OH ~ in redox 
reactions): Ej; = 0.17, Es = 0.35, Ea = 1.15, En = 0.59, Eo = 0.52, 
= 1.36. 


pH = 14. Assuming that all types of negative ions are 
formed, one finds for the concentrations 


[Cl-] = 7[(ClO.-] + 5[CIO;~] + + [CIO~] 


From Figure 1b and equation (14) one may see that 
at real equilibrium Cl~ and ClO,~ would be the only 
ions present in appreciable amounts. The line for log 
(7[ClO,—]) would run very slightly above the line for 
log [ClO,-] given in the figure; log 7 = 0.845 is a 
small quantity on the vertical scale, and still smaller is 
the activity correction. Equation (14) corresponds to 
the point of intersection of the log lines for 7(ClO,.~] 
and [Cl-]—all other concentrations are seen to be 
negligible—which is but slightly to the left of the in- 
tersection of the lines for [Cl—] and [ClO,~]. 

Actually the formation of ClO,~ seems to be very 
slow; what is formed with hot solutions is the next 
stablest ion, ClO;~. With cold solutions, ClO~ is the 
chief product; the intersection point [Cl-] = [ClO-] 
is below the lower edge of Figure 11, and it is seen that 
the formation of all other ions: ClO,~, ClO;~, and 
ClO,-, must be retarded. 

Chlorine is a rather extreme example of retarded 
reactions. The slowness of some reactions may put a 
limitation on the validity of redox diagrams and, by 
the way, of all equilibrium calculations. 

The diagrams show what the activities of the various 


(14) 


ON 605 
ints 
cles 
in- 
y2+ 
’ 
ers, 
Te- 
ates 
leg 
‘ion 30 
O,+ 
1 SO 20 0- Azo 
pH-0 
w 
the 
sing 
ob- 0 0 
‘lal. 
ob- 
[X \ | 
“= 
20 
90 
Pu’ 
o 


species would be if real equilibrium were attained. 
From this one may conclude whether a certain reaction 
is possible or not; e. g., Figures lla and b show that 
under the conditions of the diagrams ClO,- and Cl- 
will not react to form ClO;~. However, the diagrams 
alow no conclusion concerning the velocity with which 
a system will approach equilibrium. 


060090120 150 
e-> 


Figure 12. (a) Redox Diagram for I at pH = 0. Ex = 1.70, Ex = 
1.14, Eo = 1.45, E,-1 = 0.53. (6) Redox Diagram for I at pH = 14. 
Left Part a; Slope 0, Right Part a;Slope 0. Standard Potentials (with 
OH ~ in redox reactions): Ei; = 0.7, Es = 0.15, Ew = 0.45, E,-1 = 0.53 


Figures 12a and b are the corresponding diagrams for 
iodine, drawn with a horizontal line for the oxidation 
number +1 (for +5 in the right part of Figure 12b). 
The diagrams bear out the fact that in acid solution I- 
and IO;~ react to form I,(s), whereas I2(s) is not stable 
at pH = 14. Moreover, Figure 12b indicates that at 
pH = 14 the equilibrium 3 IO- + 21 dis- 
placed to the right, which agrees with experience. 
(The “basic” Es, should be 0.15 v. and not 0.56 as mis- 
printed in (/).) 


MANGANESE 


Figure 13 gives redox diagrams for Mn at the pH 
values —5, 0,6, 14, and 19. These diagrams can easily 
be constructed using (11), (12), and the standard po- 
tentials given in the introduction of this paper. For 
the “basic” potentials, it is convenient to regard OH- 
as a ligand X. In all diagrams the line for the +4 
state, MnO,(s), has been chosen horizontal. However, 
in order to save space the equilibrium between Mn° 
and Mn?+ has been given separately with Mn?+ hori- 
zontal, at the extreme left of the diagrams. 

The pH values —5 and +19 are not at all impossible 
to achieve; actually these are the estimated approxi- 
mate pH values in 66 per cent H2SO, (7/5) and in satu- 
rated aqueous NaOH or KOH (16). 

In the diagrams there should also be a line for the 


JOURNAL OF CHEMICAL EDUCATION 


blue MnO,'~ ion (oxidation state +5), which has re. 
cently been discovered by Lux (1/7). 

The reader may prefer to correlate for himself these 
diagrams and the known facts from the chemistry of 
manganese. It should be remembered that these dia- 
grams, like the previous ones, give only ratios of activyj- 
ties. Where a solid substance appears, such as MnQ,, 
Mn(OH); (perhaps rather MnOOH), Mn(OH)s, or 
Mn’, the activity is as usual defined so as to be unity 
for the pure solid compound. If for instance a, = 1, 
this means that the solution can exist in equilibrium 
with solid MnO:; if a4 < 1, solid MnO, cannot precipi- 
tate, and finally if a, > 1, the solution is supersaturated 
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Figure 13. , Redox Diagrams fer Mn at pH = —85, 0, 6, 14, and 19. 
The stand tentials used were those from (/) given in the intro- 
pcr: 7 pans, For pH = 0, Eu = 1.67, Ex = 2.23, Ex; = 1.10, 
Ew = 1.28, Ex = —1.05 for pH = 14 (with OH ~ in the formulas), Eu = 
0.87, En = 0.58, Ex = 0.5, Ex = —0.4, En = —1.47. 

calculated using (12). 
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with respect to MnOz, and will sooner or later pass to an 
equilibrium state where a, = 1. For this reason, the 
practical maximum value for the activity of a solid is 1; 
the line for a solid has been drawn as broken in such 
regions where the solid could not exist at equilibrium. 


A THREE-DIMENSIONAL DIAGRAM 


The plots in Figure 13 may be regarded as sections of 
a three-dimensional diagram with pH and E as horizon- 
tal axes and log a; as the vertical one. 

We may imagine the three-dimensional diagram also 
as built up of infinitely thin vertical needles; each 
needle is characterized by a certain couple of F and pH 
values and thus by definite ratios between the various 
a; We may imagine marks for the various log a; at 
definite distances on the needle. 

The needles may be moved vertically at will. In 
Figure 13 we have agreed to make all the points for 
Mn0O,(s), log as, lie on a horizontal plane; correspond- 
ingly the points for any other species will fall on a slant- 
ing plane, as may be proved using (11) and (12). 

Let us imagine that we are viewing this array of 
planes from above, and that the planes are nontrans- 
parent so that we see a certain plane only when it is 
above all others. What we shall then see is pictured in 
Figure 14.* This picture does not change if the ‘“‘nee- 
dles” are shifted vertically. 

If in a certain area the species given is a soluble ion 
this means that at equilibrium this ion will predominate 
in the solution and no solid compound be present. Ifa 
solid is indicated, this solid may exist at equilibrium 
under the conditions given, and the concentrations of 
all soluble species will be less than, and generally much 
less than, 1 molar. 

The diagram in Figure 14 is of the same type as those 
given by Delahay, Pourbaix, and van Rysselberghe in 
(7), only turned 90° around. Thus the two types of 
diagrams are based upon the same three-dimensional 
diagram log a;:E:pH. The redox diagrams give log 
a,:E for sections with a constant pH, and the E:pH plots 
give projections of the top surfaces seen from the posi- 
tive log a; axis. 

The two types of plots are complementary. The 
E:pH projections give a good first survey of the equi- 
libria involved. The logarithmic plots, ‘redox dia- 
grams,” give more detail, and are very easy to construct 
from the standard potentials by means of equations (11) 
and (12). Actually the simplest and most fool-proof 
way of obtaining E:pH projections seems to be first 
constructing redox diagrams for a series of pH values, 
then drawing the corresponding lines on the E:pH plot, 
and marking out on each line the E range where each 


® Added in proof: One may think that in Figure 14 the field 
of MnOOH is unexpectedly large in comparison with that of 
MnO). On the other hand, with the very different ‘‘basic’’ 


Ex and E, proposed in Latimer’s (1) 1952 edition, MnOOH 
(or Mn(OH);) would be unstable and tend to change into a mix- 
ture of Mn(OH)}: and MnOs. Then the MnOOH field would 
disappear completely from the diagram in Figure 14. This 
may be an exaggeration in the other direction. 


separate species predominates. The reader may check 
Figure 14 against the plots in Figure 13 by laying a ruler 
horizontally at the various pH values. 

The redox diagram tells something about the con- 
centrations of species other than the dominating one. 
Some, e. g., Cut and UO,*, would not even find a place 
in the E:pH projection. The redox diagram also 
gives in a convenient way the connections between 
various standard potentials (see e. g., Figure 6.). 


POLYNUCLEAR MOLECULES 


In our present discussion it has usually been tacitly 
assumed that each element, Me, is present either as 
mononuclear separate molecules in solution or as a 
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Figure 14. E:pH Projection for Mn, Constructed from the Cuts for 
Five pH Values in Figure 13 


solid substance of constant activity. A small complica- 
tion occurs when in one of the oxidation states we have 
a gas or a dissolved substance with polynuclear mole- 
cules, such as Hg2**+, or Cle(g). We have al- 
ready met this complication for chlorine. The condi- 
tions will be analogous in other cases. In the equation 
corresponding to (11), the log a terms for the polynu- 
clear molecules will have a coefficient less than 1, e. g. '/2 
or 1/3. On a vertical needle in our redox diagram the 
point for a polynuclear molecule will be fixed only if the 
activity of one of the different oxidation states has been 
defined. Thus, for drawing a redox diagram we must 
make some assumption about the activity of at least 
one of the oxidation states; if this assumption is 
changed, the position of a “polynuclear” line will move 
relative to the others. The simplest assumption is 
setting the activity for the polynuclear molecules equal 
to unity; then the standard potentials can be immedi- 
ately applied. Such diagrams will still give a very good 
survey of the equilibrium conditions, especially since 
the shifts of the “polynuclear” lines will be rather small 
if one keeps within the usual concentration range. 


THE pE SCALE 


The equations used above would be still more sim- 
plified by introducing the quantity pE (18) 


RT 10 0.06 


If pH =-—log/H+] is a measure of the proton ac- 


pE (15) 
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tivity, we might say that pE = —logle~] is a measure 
of the electron activity in the solution, choosing the hy- 
drogen-saturated solution of the standard hydrogen 
electrode as the standard state for e~. 

pE will obviously be positive in oxidizing solutions, 
and negative in reducing solutions. 

Introducing pE, equations (11) and (12) take the 
form 


log a; — log ak = (i — k)(pE — pExx*) (16) 
pEu* = pEx — npHi + zpx (17) 


Since the use of potentials for expressing the oxidizing 
power of a solution is so firmly rooted, there seems to be 
little hope of getting the pE scale universally adopted, 
at least in the very near future. 

We have seen how redox diagrams can be used for 
getting a quick survey of the redox equilibria of various 
elements. One might increase the apparent accuracy 
by using more decimals in the Ey, by replacing 0.06 with 
RTF~ 1n 10, e. g., 0.05916 for 25° C., and even by cor- 
recting for the activity factors. However in view of the 
redox data available, it is felt that this would require 
more work and yield no real gain in accuracy. 
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NOMINATIONS FOR JAMES FLACK NORRIS AWA” 


Tue. James Flack Norris Award of the Northeastern Section 
of the American Chemical Society is made for outstanding achieve- 
ment in the teaching of chemistry, particularly when demon- 
strated at college and secondary school levels rather than shown 
in the direction of research. The award is given in memory of 
James Flack Norris, himself an outstanding teacher, in accordance 
with a bequest from the late Mrs. Anne C. Norris to the North- 
eastern Section. It is granted biennially and consists of a sum of 
money and a scroll engrossed with an appropriate citation. The 
first was presented to George Shannon Forbes on May 10, 1951 
(see J. Cuem. Epuc., 28, 317 (1951). 

Nominations for the second award, which is to be granted at 
the May Meeting in 1953, may be sent to any member of the 
following Canvassing Committee. 


A nomination should be accompanied by ample supporting 
evidence of the achievement of the nominee and should be in 
the hands of the Canvassing Committee by Januray 2, 1953. 
The committee will shortly thereafter transmit the nominations 
to the Award Committee whose personnel is kept secret. 


Avery A. Morton, Chairman, Massachusetts Institute of Tech- 
nology, Cambridge 39, Massachusetts. 

Hubert N. Alyea, Frick Chemical Laboratory, Princeton Uni- 
versity, Princeton, New Jersey. 

Chester M. Alter, Dean of Graduate Students, Boston University, 
Boston, Massachusetts. 

Edward R. Atkinson, Dewey and Almy Chemical a 
Cambridge, Massachusetts. 

Henry E. Bent, Office of Dean of Graduate School, University 
of Missouri, Columbia, Missouri. 

Fred L. Greenwood, Department of Chemistry, Tufts College, 
Medford 55, Massachusetts. 

Eugene G. Rochow, Department of Chemistry, Harvard Univer- 
sity, Cambridge, Massachusetts. 

John A. Timm, Simmons College, Boston 15, Massachusetts. 

Arthur A. Vernon, Northeastern University, 360 Huntington 
Avenue, Boston 15, Massachusetts. 

William G. Young, Department of Chemistry, University of 
California at Los Angeles, California. 
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ARTHUR SIMON 


Anonc the multifarious forms of chemical literature 
the abstract journals are probably the most useful. 
Their value is high with respect to both the current and 
older literature. The post of editor of one of the 
standard abstract journals carries much responsibility, 
and few men possess the peculiar combination of 
technical competence and administrative ability nec- 
essary for the successful publication of one of these im- 
portant aids to the chemist. Arthur Simon edited the 


 Chemisches Zentralblatt from 1945 to 1949, which indi- 


cates the caliber of this eminent German chemist, 
teacher, and writer. 

(Johann Peter Caspar) Arthur Simon was born on 
February 25, 1893, at Barmen in the Wuppertal. He 
was trained under Baeyer at Munich and then under 
Windaus and Tammann at Géttingen, where he took 
his doctorate under Zsigmondy in 1920. After serving 
for a number of years as assistant to Wilke-Dorfiirt at 
the Bergakademie in Clausthal, Dr. Simon habilitated 
as Privatdozent at Stuttgart in 1927, where he was 
named extraordinary professor in 1929. In 1932 he 
went to the Technische Hochschule in Dresden as suc- 
cessor to Fritz Foerster. At present he is ordinary pro- 
fessor and director of the Institut fiir anorganische 
und anorganisch-technische Chemie at this school, 
whose faculty has always had an excellent reputation. 

His scientific output has covered a wide range. He 
began with a systematic study of the theory of affinity 
and dealt particularly with complex systems, oxides, 
and oxyhydrates. The use of the latter as catalysts 
or as their carriers led to a series of investigations on 
heterogeneous catalysis (catalysts for the preparation 
of motor fuels) and homogeneous catalysis (cell respir- 
ation, activity of spring waters, ‘‘active” iron). 

Special equipment. was developed for tensieudio- 
metric studies. The various types of the Simon- 
Miler farnaces of the Staatliche Porzellanmanu- 
faktur and the Simon cryostat and the Simon tempera- 
ture regulator also demonstrate his abilities along 
instrumental lines. The work on the automatic cry- 
ostats was laureated with the Alexander Gutbier prize 
in 1929, 

Parallel with these studies went investigations of the 
efflorescences on ceramic materials and frescoes. They 
led to methods of making these defects harmless or of 
preventing their appearance, an important factor in the 
preservation and protection of monuments and art ob- 
jects (e. g., the Schwind frescoes in the Wartburg). 

The clarification of the causes of catalytic actions was 
carried out with the aid of the most modern methods, 
such as magnetochemical and Raman spectroscopic 
examinations. The theory of the skeleton-like oxidic 
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catalyzers was developed. The general use, particu- 
larly of spectroscopic methods, led, especially through 
the use of heavy water, to the elucidation of the con- 
stitution of anhydrous acids, to the determination of 
structure in sulfur chemistry, hydrogen peroxide, and 
eventually of artificial materials. Insight was gained 
into the reaction between solvent and solute in solution 
systems. A projector was devised for the measure- 
ment of weak lines and a spherical cell for the photo- 
graphing of solids by the Raman spectroscopic method. 
Special note should be made of the studies on biologi- 
cally active iron and cobalt (against anemias) and the 
activity of spring waters, also of the researches dealing 
with homogeneous catalysis and the solid phases under- 
going transformation as highly active intermediate 
phases in catalysis. 

In order to free the aluminum industry from reli- 
ance on bauxite, processes were developed to utilize 
German waste clays, which had no value for refrac- 
tories. Patents were granted for these processes and 
the methods found practical application. In this con- 
nection, mention should be made of the studies of 
electrolyte condensers, which led to a diffusion theory. 
There followed investigations of the oxide catalysts of 
the 8th, Ist, 2nd, and 3rd group of the periodic system, 
which are applicable for the removal of sulfur from 
coke-oven and illuminating gases and also for the 
catalytic combustion of carbon monoxide and hydro- 
cyanic acid. Hence they were used in the German gas 
masks and eventually served in the manufacture of 
motor fuels. 

In the field of metallurgy Professor Simon has con- 
cerned himself primarily with the problems related to 
the smelting of zinc. His researches have led to proc- 
esses that prevent the formation of zinc ferrite, or 
that make it reducible in the muffle or extractable with 
alkali in the wet process. During this period he also 
made special studies of the absorption of carbon di- 
oxide in non-alkaline media. In the metallurgy of 
silver, he showed that hydrogen peroxide is formed as 
an intermediate when the ores are extracted with 
cyanide. Other studies dealt with corrosion in sul- 
furic acid systems. 

Many other investigations stemmed from his study” 
of filtering phenomena. Recently, in addition to 
studies of catalysis in the solid state, he has been par- 
ticularly concerned with Raman spectroscopy, studies 
that have resulted in the development of intense sex- 
tuple burners and the semiautomatization of the Raman 
spectroscopic procedure. He has worked out quanti- 
tative Raman spectroscopic procedures for the deter- 
mination of insecticides (gammexane) and has advanced 
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the investigation of constitution of artificial materials. 
Among his studies in applied chemistry, emphasis can 
be placed on his studies of wood impregnation from oil 
phases and the fixing of sodium pentachlorophenolate 
in wood through bisulfite. He has worked out a num- 
ber of streak procedures for determining chromic salts 
in wood in the presence of chromate, arsenate, and 
fluoride. 

He has improved the ferromagnetic carrier of the 
magnetic recording tape and has prepared gamma 
ferric oxide, which has a smaller copying effect. Special 
mention should be made here of his procedure for 
determining the primary particle size, lattice defects, and 
faulty arrangements of ferromagnetics using X-rays. 

These and many more researches have been re- 
corded in about 150 papers. He has published 
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monographs on tin, the Raman effect, and the consti- 
tution of the phosphorus acids. He collaborated in the 
Fehling ‘““Handwérterbuch” and the Jahrbuch of the 
Verein Deutscher Ingenieure. 

He has refused calls to Prague (1929), Graz ( 1931), 
Halle (1946), and Leipzig (1947). He is a member of 
the Academy of Sciences of Saxony, and in 1948 was 
invited to become a member of the governing board of 
the Deutsches Museum in Munich. In 1951 he was 
invited to deliver lectures on his special fields in Stock- 
holm by the Academy of the Engineering Sciences, 
As stated above, he edited the Chemisches Zentral- 
blatt from 1945 to 1949. 

Full of original ideas and resourceful in translating 
them into research studies or putting them into tech- 
nological practice, he is a credit to his profession, 


s ON IMPROVING THE LINGUISTIC SKILL OF STUDENTS 


THERE Is no denying that linguistic competence is 
deplorably lacking among college graduates. By this 
I do not mean competence in a foreign tongue; I mean 
command of rudimentary English, of the mechanics of 
communication, of syntax, grammar, sentence organ- 
ization, spelling. Our technical graduates are par- 
ticularly victimized by this, and industrial men as well 
as academicians are pained by the often semiliterate 
performance. The industrialists complain that our 
students write reports garbled in organization, gram- 
matically meaningless, and atrociously spelled. The 
academicians know this to be pretty largely true, but 
if they complain they appear to do little about it. 
With the risk of heresy I dare to suggest that we, the 
teachers, are in part responsible—maybe in large part 
in the technical subjects. In truth, I fear in larger 
part than we care to admit! I believe that the wide- 
spread use of multiple-response quizzes and exams 
_ contributes to this linguistic inadequacy. Chemistry 
students and physics students can now pursue course 
after course without ever having to write a connected 
account of a topic. All they need do is pick out the 
right answer. The old-fashioned essay isdead. To ask 
for a return to the classical methods—writing essays and 
classroom recitation—will not meet with too promising 
approval. After all, multiple-response quizzes are 
elegant things to grade! How then can we aid the 
student’s cause and not belabor our own? This brings 
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me to the scheme I have now tried for several years and 
which has proved to have some measure of usefulness. 
The students construct multiple-response questions. 

After I have administered a few multiple-response 
quizzes of my own coin (or the standard exams avail- 
able on the market) I require the students to make out 
their own questions—statements followed by five com- 
pletions, one of which is acceptable. Numerical prob- 
lems are not used. Statements of theory, principle, 
fact, hypothesis, and so on, which can be put in good 
grammatical structure are what.we want. This is no 
small order, as anyone who has made out multiple- 
choice quizzes will attest. It involves painstaking 
study of the point in question and very considerable 
labor in putting it into acceptable English. Finding 
five ‘‘good”’ answers (or completions), four of which are 
not correct but seem so, calls for some critical thinking. 
The exercise constitutes a magnificent review device 
but above all gives practice in the mother tongue. 

These contributions I read with red pencil in hand. 
Acceptable ones ! often use in subsequent quizzes! A 
competitive spirit often arises » class, which is itself 
a healthy concomitant to learning. Experience over 
several years shows that the subject is better com- 
manded, and I believe I observe a substantial im- 
provement in linguistic skill. The students them- 
selves attest to the merits of the device—a recommen- 
dation J consider adequate. 
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Cathodic Protection of Iron from Corrosion. In 1824 
Sir Humphry Davy first demonstrated the principle 
of the cathodic protection of metals from corrosion. 
This idea may be demonstrated before a class as follows: 
Half fill two 250-ml. beakers with tap water. Add 
a few drops of phenolphthalein to each. In one of 
the beakers stand a clean strip of iron (a strip measuring 
about 1 em. by 15 em. is satisfactory). Into the other 
beaker place a couple made by attaching a coil of 
freshly cleaned magnesium ribbon 25 em. long to a 
strip of iron of the same size used in the first beaker. 

The effect is evident within a few minutes and shows 
how an expendable anode of magnesium or aluminum 
may prevent local galvanic corrosion of ferrous metals, 
such as soil pipes and hot water storage tanks. 


Use of Lithium in Preparing Hydrogen. Within 


! Presented at the Symposium on Lecture Demonstrations at 
the 120th Meeting of the American Chemical Society, New York, 
September 7, 1951. For other papers in this symposium see 
Tuts JOURNAL, 29, 288 (1952). 
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SUGGESTIONS FOR DEMONSTRATIONS’ 
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Figure 2 


the past decade metallic lithium has become available 
in a variety of forms, such as cup, rod, wire, ribbon, 
cartridge, and shot. Hydrogen may be conveniently 
and safely prepared by the action of lithium shot on 
water. Place about 15 shot in a 250-ml. wide-mouth 
bottle full of water, cover with a glass plate, imme- 
diately invert in a trough of water, and remove the glass 
plate. The lithium flame may be demonstrated by 
picking up a single shot with an ice pick and holding 
it in the non-luminous flame of the Bunsen burner. 
Diffusion in a solution may be shown by placing a few 
shot in a large cylinder of water to which some phenol- 
phthalein has been added. 

An Easily Constructed Conductivity Kit. Remove the 
switch from a plug-in bakelite night lamp. Rewire 
the lamp in series and attach alligator clamps to the 
plugs. Pencil leads are used as electrodes (Figure 1). 

Support for Rubber Stoppers. A support for rubber 
stoppers (Figure 2) has been found useful, to make a 
few of any size or form readily available. 
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Tus analysis of submicrogram amounts of material in 
“macro” volumes of solution (10-100 ml.) is a subject 
of increasing interest to the analytical chemist. An 
appreciation of the importance of trace elements has 
grown up in unrelated fields such as corrosion, where 
the rate of attack may be a function of the concentra- 
tion of a minute impurity; fluophors, where hue and 
intensity of fluorescence is usually dependent upon 
the concentration of a trace component; radioactive 
tracers, where, to insure a high specific activity of a 
preparation, it is necessary to start with extremely 
pure materials; and biochemistry, where trace elements 
play a vital part in the growth of plants and animals 
as do physiologically active compounds such as enzymes 
and hormones. Although emission spectrography is 
very sensitive and applicable to many elements, it 
cannot, unfortunately, perform all the tasks that are 
required (particularly the determination of organic 
' compounds) nor can it readily be applied by a non- 
specialist. 

“Ultramicroanalysis,’”’ a body of specialized tech- 
niques for handling submicrogram amounts of material 
in very small volumes of solution (less than 0.1 ml.) 
has been developed over a period of years, largely by 
biochemists, to solve particular analytical problems 
(1). However, the concentrations of the reagents and 
of the samples are usually the same as in the correspond- 
ing macro analysis. Thus, if a sample is very dilute, 
it must be concentrated to the point where it can be 
analyzed on the ultramicro scale. The time-consuming 
step of concentration could be eliminated in many cases 
if it were possible to run the analyses in extremely 
dilute solutions in the submicromolar region. In the 
case of samples which are already extremely tiny 
and hence have been handled by the ultramicro pro- 
cedure, the availability of a suitable submicromolar 
method would allow the micro sample to be added to a 
large volume of solution and thereafter handled by an 
essentially macro procedure requiring a less specialized 
technique except for precautions against losses from 
sorption or addition of impurities through reagents, 
dust, or contaminated apparatus (2). Thereafter, 
it appears that there is ample justification for research 
on submicromolar methods. 

In the discussion that follows, well-known techniques 
which are applicable to the submicremolar region will 
be considered first. Then a few promising but: less 
familiar techniques will be outlined. For the sake of 


! Based upon a seminar presented at New York University on 
February 15, 1952. 


CHEMICAL ANALYSES IN THE 
SUBMICROMOLAR REGION’ 
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completeness, techniques for concentrating the material 
prior to analysis as well as some of the intermediate 
scaled-down methods which have not yet reached the 
highly specialized ultramicro level will be mentioned, 
No effort has been made to compile a complete bibli- 
ography, reference having been made only to review 
papers or to recent articles which illustrate a particular 
point in the discussion and, at the same time, contain 
a valuable list of pertinent references. 


DIRECT ANALYTICAL METHODS 


The most obvious way to extend any procedure to 
handle smaller concentrations is to use a more sensitive 
reagent, and the historic search for more selective 
and more sensitive organic reagents for inorganic ions 
is well known. The introduction of organic reagents 
first offered a means of increasing the sensitivity by 
producing more insoluble precipitates having more 
favorable gravimetric factors. However, the sensi- 
tivity of the color-forming reactions together with the 
relative simplicity of making colorimetric analyses 
soon proved to be more fruitful. Despite the advent, 
since the last war, of more ‘fashionable’ fields of in- 
terest, work in the field of organic reagents is still 
going on, and there is no reason to believe that valuable 
contributions will not be made for many years to come. 

Another avenue for the extension of methods is 
through the use of improved instruments. For ex- 
ample, the photomultiplier tube for the measurement 
of radiation has opened up a means of making sub- 
stantial improvements in fluorometric, flame photo- 
metric, and nephelometric methods because all of these 
involve the measurement of light intensities in a sample 
against a blank which ideally represents the absence 
of any light. Thus the limit of any of these methods 
depends, in principle, only upon the limit of the sensi- 
tivity of the detector. As an example of the sensi- 
tivity of fluorometric methods, one can point out that 
in aqueous solutions, concentrations of fluorescein a8 
small as 10~‘ per cent can be detected visually. Alter- 
natively, one may sometimes add a portion of a sub 
micromolar solution to a solid and note the fluores 
cence of the resulting bead. Such a procedure was 
reported for amounts of uranium as small as 10~"* 
using sodium fluoride as a flux (3). Similarly, in flame 
photometry, it has been possible to detect parts per 
billion of certain elements like sodium in solutions hav- 
ing volumes as small as 1 ml. In nephelometry, 4 
familiar precipitate such as silver chloride can be used 
for solutions of silver as low as 10-* M (4). In view 
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of the fact that commercial instruments which incor- 
porate photomultipliers are now available in quantity, 
great.strides should be made in all of these fields in the 
near future. 

Although calorimetric methods do not usually come 
to mind in thinking about analytical chemistry, it 
appears that the availability of thermistors and of 
commercial amplifiers of high sensitivity justify re- 
examination of such methods. Reactions involving 
the generation of heat can be followed with ease to 
about the closest 0.005° C. Although thermistors 
must be used at relatively low temperatures (below 
125° C.), thermocouples can be employed at higher as 
well as lower temperatures in conjunction with high 
sensitivity amplifiers to detect the same size of tempera- 
turechange. Upto the present time there are no ana- 
lytical examples to report except on a macro scale (4). 
Nevertheless the sensitivity has been clearly demon- 
strated in a recent study of the determination of small 
amounts of moisture in a stream of gas by measuring 
the temperature rise occasioned by reaction of the water 
with calcium hydride (6). 

A series of interesting attacks on the submicromolar 
region are being made in polarography where the lower 
limit has usually been considered to be a concentration 
of 10-* M. One approach is based upon the fact that 
increased area and rotation of an electrode each tend 
to increase the diffusion current. By placing 0.1 ml. 
of mercury in a cup and rotating at 200-800 r. p. m., 
concentrations of 10~* M are placed within reach of an 
ordinary polarograph (7). On the other hand, if one 
wishes to use the conventional dropping mercury 
electrode, one group of investigators has shown that it 
is possible to perform a very accurate instrumental 
subtraction of the residual current which allows one 
to employ a much more sensitive galvanometer or re- 
cording potentiometer (8). Another investigator has 
taken advantage of the increase in sensitivity that re- 
sults from an increase in the rate of change of potential 
by resorting to an oscillographic technique to measure 
current voltage changes at extremely fast rates of 
polarization (9). Although the last two instrumental 
approaches appear to be somewhat less sensitive than 
the rotating mercury electrode, they are known to be 
capable of reaching 10-7 M or less. Finally, there is 
the possibility of determining minute amounts of or- 
ganic compounds which can depress polarographic 
maxima. In this way Kryukova has detected 10~° 
mols per liter of surface-active agents and determined 
10 mols per liter of 2-naphthol and 10~7 of octyl 
aleohol (10). Thus it appears that there are three 
avenues open for polarographic investigation in the 
submicromolar region. 

One of the oldest, yet one of the least familiar, 
analytical techniques is coulometry. Despite the fact 
that coulometry has long been recognized as one of the 
most precise analytical methods for macro analysis, 
it has only been in the last fifteen years, and largely 
in the last five years, that people have appreciated the 
great promise of this technique in micro analysis (//). 
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The potential sensitivity of this method is illustrated 
by the following calculation: assuming that an equiva- 
lent weight (one Faraday) is 10° amp. sec. the passage 
of one microampere for one second corresponds to 10—"! 
equivalents. Since the exact measurement of currents 
of one microampere presents no difficulty the use of 
much smaller currents is entirely feasible. For silver, 
which has an equivalent weight of about 100, 10-"! 
equivalents correspond to 10~* g. For any volume 
greater than 0.01 ml. the concentration of silver in a 
solution will be less than 10~* M. 

One can apply Faraday’s Law in two different ways. 
If one has a very dilute solution of an element which 
can be deposited electrolytically, deposition can be 
carried out without attempting to measure the ex- 
tremely small current that passes through the cell. 
After the deposition, one can change the polarity of 
the electrode and measure the number of coulombs 
required to dissolve the deposit. In this way, milli- 
microgram amounts of silver have been determined 
to about 5 per cent (/2). If the element cannot be 
deposited, but does undergo a redox reaction, it is 
often possible to generate coulometrically an appro- 
priate oxidizing or reducing agent which will react 
with the element in question. Swift and his co- 
workers have played the leading role in this field (13). 
The amperometric end point as well as the potentio- 
metric has been used by Furman and his associates 
(14) who have worked at the level of 10~'* equivalents. 
In principle, the coulometric generation of reagent is 
the more useful approach because it can handle organic 
reactions as well as inorganic. 

Catalysis is another technique which, like c.alometry, 
has only recently been recognized as a promising ap- 
proach to analyses at the submicromolar level. De- 
spite the fact that qualitative detection of a catalyst 
by its effect on the rate of an otherwise slow reaction 
has been known for a number of years for a variety of 
inorganic reactions, quantitative studies have been 
comparatively few in number (1/5). An excellent ex- 
ample is that of the determination of millimicrogram 
amounts of iodide by its catalytic effect on the ceric- 
arsenite reaction (16). The pioneering work in quanti- 
tative analysis has been done by biochemists whose 
attempts to determine enzymes by their catalytic 
behavior have been highly successful. Inhibition of an 
enzyme reaction has recently been employed to deter- 
mine organic insecticides in millimicrogram amounts 
(17). Goto and his co-workers have led the “pure”’ 
analytical chemists for ten years in developing quanti- 
tative catalytic methods (1/5). Although variations are 
possible such as that in which a catalytic effect produces 
an abnormally large polarographic wave, (18, 19, 20) 
this appears to be somewhat limited compared to known 
reactions which can be measured spectrophotometric- 
ally. In any case, this field as a whole is relatively 
untouched, particularly by analytical chemists in this 
country. 

Finally, there is the so-called ‘activation’ 
method which depends upon the formation of a radio- 
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active nuclide from a trace element. The nuclide need 
not necessarily be that of the trace element as long as 
the latter is its source (2/, 22). Typical of analyses 
that have been reported by activation methods is that 
of arsenic in transistor preparations (23). In this case, 
bombardments were carried out on solid samples 
which, when dissolved, would produce concentrations 
of the trace element in the submicromolar region. 
While activation can, in principle, be applied to all 
elements, comparatively few can be analyzed in the 
millimicrogram range unless one has access to a nuclear 
reactor or a particle accelerator such as a cyclotron. 


CONCENTRATION TECHNIQUES 


Although evaporation is the most obvious method 
for concentrating a sample, the danger of losses through 
adsorption, volatility, and spattering make this method 
unattractive. On the other hand, a separation can 
serve not only to concentrate a substance but also 
to eliminate interferences prior to analysis (24). Thus 
a precipitation technique which has not been fully 
appreciated, is that of Clarke and Hermance (25) 
who first collected copper from very dilute solutions 
by passing them through paper impregnated with cad- 
mium sulfide. Although cadmium, like copper, forms 
an insoluble sulfide, it is sufficiently more soluble to 
produce an adequate amount of sulfide ion to pre- 
cipitate copper quantitatively. 

In situations where the classical method of pre- 
cipitation may be limited by failure to exceed a solu- 
bility product (26), one can often quantitatively co- 
precipitate such small amounts with a nonisotopic 
earrier. In recent years, the outstanding example has, 
of course, been the isolation of plutonium by coprecipi- 
tation with macro amounts of uranium. A less spectac- 
ular, though equally useful, application has been em- 
ployed in spectrography where a number of heavy 
metals have been concentrated by coprecipitation with 
a mixture of ferric and aluminum 8-hydroxyquinolates 
(27). Finally, in activation analysis, which has been 
mentioned earlier, one almost never produces a single 
pure activity so separations of the radioactive nuclides 
often are made with the aid of carriers prior to counting. 
Solvent extraction is probably the easiest and the 
most versatile of the separation methods and has been 
applied at both the macro and the ultramicro level. 
It can be applied with success to inorganic, organic, 
and organo-metallic systems (24). It offers the ad- 
ditional attraction that spectrophotometric or fluori- 
metric determinations can often be applied directly 
upon the extract with consequent savings in time: 
Unfortunately, even though it has no obvious limitation 
comparable to the solubility product in precipitation, 
one must proceed with caution in applying the data 
obtained from macro concentrations to very dilute 
solutions. As one goes to progressively more dilute 
solutions, competing equilibria may change the effec- 
tive partition coefficient so much that in submicro- 
molar concentrations the anticipated extraction (26) 
is very unfavorable. However, the same precautions 
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appear to be in order for other separation techniques 
including electrolysis, volatilization, and chromatog. 
raphy (26). 

Applications of chromatography and ion exchange 
have mushroomed since 1945, largely because they are 
readily adaptable for separations at the submicrogram 
level. Much of the impetus for ion exchange came from 
the separation and identification of promethium which 
was first done at the submicromolar level when it was 
present as a trace in a mixture of fission elements (28), 
More recently, paper chromatography has grown very 
popular for separating traces of substances both organic 
and inorganic although it is rarely used purely as a 
means of concentrating them (29). 


SCALED-DOWN MACRO TECHNIQUES 


At the beginning of this discussion, it was pointed 
out that methods which are available on a macro 
scale can usually be scaled down to smaller volumes. 
In most cases, there is much room for scaling down a 
macro procedure, particularly the instrumental ones, 
before highly specialized manipulative techniques 
of ultramicroanalysis become necessary. In_polarog- 
raphy techniques for handling volumes of about 0.1 ml. 
appeared at a very early date (30). No special in- 
strument or handling was necessary in this case al- 
though it was necessary to appreciate that losses of the 
trace element due to deposition could no longer be ig- 
nored. More recently, adaptations have been devised 
in spectrophotometry where a cell has been employed 
which has the usual length but an internal diameter 
of less than a millimeter. Although modifications may 
have to be made to the spectrophotometer such as 
collimating the light beam, the instrument and the 
overall technique are the same as for handling a macro 
sample. As a result, one can decrease the amount of 
element required for an analysis from the microgram 
to the millimicrogram level (3/, 32). It is obvious 
that other optical and electrical methods could like- 
wise be scaled down. When the scale-down is per 
formed on submicromolar procedures which are now 
being developed, the absolute quantities of substances 
that will suffice for an analysis will be of the order of 
10-'!? equivalents, an amount said to be in the range 
necessary for much biochemical research (32). 


ACKNOWLEDGMENT 


The author is indebted to the Atomic Energy Com- 
mission for partial support. 


LITERATURE CITED 


(1) Kix, P. L., “Quantitative Ultramicroanalysis,”’ John 
Wiley and Sons, Inc., New York, 1950. 

(2) Roaerrs, L. B., Anal. Chem., 22, 1386 (1950). 

(3) Herneccer, F., anv B. Karuik, Sitzungsber. Akad. Wiss. 
Wien, 144, 217 (1935); through Hap.ey, J.‘A., AND 


J. Grant, “Fluorescence Analysis in Ultra-Violet Light,” 
_3rd._ed., D. Van Nostrand Co., Inc., New York, 1949, 
p. 198. 

(4) Cave-BrownE-Cave, G., M. I. T. Thesis, Cambridge 39, 
Massachusetts, 1951. 


Ir IS 0 
for a 

cipitat 
A cor 
ugatio 
pipet, 

the res 


— ECE! 
(6) H. 
(7) 
(8) K 
9) 
(10) K 
(11) 
(12) Le 
14) Ce 
(15) W 
(17) Gi 
(18) K 
(19) K 
. 
| 
Am 
special 
recip’ 
and al 
au 
pern 
the so 
from t 
tubing 
dipped 
the su: 
of sm 
| liquid 
very sl 
A st 
i 
inserte 


John 


Wiss. 

AND 
ght,” 
1949, 


e 39, 


DECEMBER, 1952 


(5) H. H., L. L. Merrirt, Jr., anp J. A. DEAN, 
“Instrumental Methods of Analysis,’ 2nd ed., D. Van 
Nostrand Co., Ine., New York, 1951, p. 321. 

(6) Harris, F. E., anp L. K. Nasu, Anal. Chem., 23, 736 
(1951). 

(7) Lez, T. S., Address before Chicago Section of American 
Chemical Society, November 23, 1951; through Chem. 
Eng. News, 29, 5250 (1951). 

(8) M. T., anp H. H. Mitier, Atomic Energy Com- 
mission Report No. ORNL-842, January 15, 1952. 

(9) Detanay, P., Address before the Analytical Symposium, 
Louisiana State University, January, 1951. 

(10) Kryuxova, I. A., Zavodskaya Lab., 14, 767 (1948); through 
Chem. Abstracts, 44, 5757 (1949). 

(11) CampBELL, W. E., anv U. B. Tuomas, Trans. Electrochem. 
Soc., 76, 303 (1939). 

(12) Lorn, 8. S., Jr., R. C. L. B. Rocers, Anal. 
Chem., 24, 209 (1952). 

(13) Buck, R. P., anp E. H. Swit, ibid., 24, 499 (1952). 

(14) Cooxe, W. D., C. N. Reriiy, anp N. H. Furman, ibid., 
23, 1662 (1952). See also pp. 896, 945. 

(15) West, P. W., ibid., 23, 176 (1951). 

(16) Lern, A., anD N. Scuwanrz, ibid., 23, 1507 (1951). 

(17) Giana, P. A., ano 8. A. Haut, ibid., 23, 1830 (1951). 

(18) Kotruorr, I. M., ano J. J. Lincane, ‘Polarography,’ 
Interscience Publishers, Inc., New York, 1941, p. 199. 

(19) Kotruorr, I. M., W. E. Harris, anp G. MarsvyaMa, 
J. Am. Chem. Soc., 66, 1782 (1944). 


615 


(20) Haieut, G. P., Jr., Anal. Chem., 23, 1505 (1951). 

(21) Boyp, G. E., ibid., 21, 335 (1949). 

(22) Leppicotrre, G. W., anp 8. A. ReyNoups, Nucleonics, 8 
(3) 62 (1951). 

(23) Smates, A. A., ano B. D. Pate, Anal. Chem., 24, 717 
(1952). 

(24) Nacutries, N. H., “Principles and Practice of Spectro- 
chemical Analysis,’ McGraw-Hill Book Co., Inc., New 
York, 1950, p. 300. 

(25) Crarke, B. L., anp H. W. Hermance, Ind. Eng. Chem., 
Anal. Ed., 10, 591 (1938). 

(26) Want, A. C.; anp N. A. Bonner, Editors, “Radioactivity 
Applied to Chemistry,” chapter by N. A. BoNNER AND 
M. Kaun, John Wiley and Sons, Inc., New York, 1951, 
p. 102. 

(27) Mircuety, R. L., anp R. O. Scott, Spectrochim. Acta, 3, 
367 (1948); through Reference 24. 

(28) Marinsxy, J. A., L. E. GLENDENNIN, anpD C. D. CoryELt, 
J. Am. Chem. Soc., 69, 2781 (1947). 

(29) Srrain, H. H., anp G. W. Murpny, Anal. Chem., 24, 50 
(1952). 

(30) Maser, V., Mikrochemie, 18, 74 (1935); through Reference 
18, p. 245. 

(31) Maumstrom, B. G., anp D. Guick, Anal. Chem., 23, 1699 
(1951). 

(32) Kirx, P. L., Address before the 120th Meeting of the 
American Chemical Society in New York, September 
1951. 


o A TECHNIQUE FOR HANDLING SMALL PRECIPITATES 


IT 1s occasionally necessary to obtain in a form suitable 
for a melting-point determination amounts of pre- 
cipitate too small to be collected on a filter paper. 
A common but tedious procedure involves centrif- 
ugation, removal of supernatant liquid with a micro- 
pipet, one or more washing operations, and drying of 
the residue in the centrifuge tube. 

A more convenient and rapid technique requiring no 
special apparatus or experience is the following: The 
precipitate is allowed to settle in a 3-inch test tube, 
and all but a small amount (about one drop) of the 
supernatant liquid is removed by means of a dropper. 
The remaining drop of liquid is agitated to suspend 
the solid in it, the test tube is held at a small angle 
from the horizontal, and one end of a piece of capillary 
tubing 1.5-2.0 mm. in diameter and 100 mm. long is 
dipped into the suspension. Capillary action causes 
the suspension to be transferred entirely to the tubing 
of small diameter. The position of the column of 


liquid in the capillary tube can be readily controlled by 
very slight tilting of the tube from the horizontal. 

A strip of filter paper about 3 mm. wide and 50 mm. 
long is rolled between the fingers along its length, and is 
inserted into one end of the capillary for a distance of 
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about 15 mm.; the column of liquid being kept away 
from this end of the tube (the figure). The column of 


Filter Paper Being Twisted into Capillary Tube 


liquid is now slowly allowéd to approach the edge of 
the filter paper while rotating the capillary tube. 
When the suspension touches the paper, the liquid 
gradually becomes absorbed, the solid collecting at the 
point of juncture. Washing of the precipitate is accom- 
plished by dipping up some wash liquid, suspending the 
solid in it by rotating the capillary tube, and removing 
the liquid as above. The capillary and its contents 
may be allowed to dry in a desiccator, and then sealed 
at one end. 

By this technique precipitates of the order of 0.1 mg. 
have been successfully transferred in easily visible form 
to melting point tubes. 
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Crarrs’s rule,! which can be written 
Ty = T{l + C(760 — (1) 


is much used in the organic chemistry laboratory to 
correct boiling points to one atmosphere. Crafts’s con- 
stant, C = RT,/760AH,.,. = (dt/dpmm.)»/T», has the 
value 0.00012 for substances that obey Trouton’s rule. 
Crafts’s rule was deduced from that of Ramsay and 
Young, and can also be derived, as is well known, from 
the Clapeyron-Clausius equation and Trouton’s rule 
(in an approximate manner). The formula 


T, = T(1 — n log patm.) = T[1 + n(2.8808 — log pmm.)] (2) 


where n = 
(T. T»)/T- log Pe atm. = 2.303RT,/AH vap. = 1750C 


is more accurate than Crafts’s rule. Comparison of 
equations 1 and 2 shows that Crafts’s rule is an approxi- 
mation of this formula. It will be derived below,’ as 
will another useful formula. The constant n has the 
value 0.21 for substances that obey Trouton’s rule. 
Values of n for water and various common types of 
organic compounds are given in the table.’ 

When van der Waals’s vapor pressure equation 


log (p-/p) = f(T-/T — 1) (3) 


(where f is theoretically a universal constant but varies 
with the nature of the substance and even somewhat 
with temperature) is set up for a given substance at its 
normal boiling point and one other temperature, and 


1 Crarts, J. M., Ber., 20, 709 (1887); Compt. rend., 157, 1403 
(1913). 

? It is related in form to several other equations, all of which are 
somewhat more complex. The closest relative is that of C. S. 
Cracog, I. C. T., 3, 246 (1928). Another near relative is T, = 
T(1 — m In Patm.)*/*, where m = 37>/In AHvap., which was de- 
duced by O. Prune, Physik. Z., 10, 162 (1909), from known 
relationships, assuming in addition a continuous change of 
density between liquid and vapor. 

3 Though there are tables of Crafts’s constant in the literature, 
they were assembled using older data than were used in compiling 
this table. It is a great pleasure to acknowledge the invaluable 
assistance of J. TrmmeRMANS, ‘‘Physico-chemical Constants of 
Pure Orgauic Compounds,”’ Elsevier Publ. Co., New York, 1950, 
which was used as a source of data as much as possible. The 
general agreement between the various methods of calculation 
and between the values for adjacent members of homologous 
series was such that it is unwarranted to give n to more than two 
significant figures. In calculating n, less reliance was placed on 
(Te — T»)/T log pe atm, than on 2.303R7>/AHvap. and 1750(dt/ 
dpmm.)»/T», because of the generally lesser reliability of critical 
data.—The author wishes that a work similar to Timmermans’ 
would soon become available for inorganic compounds. This 
would be a profitable area for international] cooperation which is 
so sorely needed nowadays. 


CORRECTION OF BOILING POINTS FOR 
VARIATION IN BAROMETRIC PRESSURE 
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the two equations are combined to eliminate log P., the thiop] 
analogous expression harm¢ 
log (ps/p) = (fTe/Te T/T — 1) 

results. It is readily rearranged to penta 
= + (1s/fT) log (p»/p)] (5) Itn 

which is equation 2 in another form. Equation (2) canbe : 
derived in other ways from equation 3, but the above lee i 
derivation is briefest. boilin, 

By noting the relationship between equation (3) and in d 
the integrated form of the Clapeyron-Clausius equation, a 
it is seen that f7./T, = AHva./2.303RT,. (This exe J 
pression appears in some textbooks; e. g., 8. Glasstone, Ss Bats 
“Textbook of Physical Chemistry,’”’ D. Van Nostrand If t 
Co., New York, 1946, p. 457.) The other expression, is 
= [Te/(Te — T)] 108 is readily derived 
from the van der Waals vapor pressure equation. 

Note that equation 2 is equivalent to that of Wrede, 

log p = A — B/T (6) | and 
which is generally quite accurate for organic‘ liquids, 
and even solids, over a pressure range of several hundred | [f we 
millimeters.> (Because of this equivalence, values of n | of tem 
in the accompanying table can be used, if desired, to | ¢limin, 
determine the vapor pressure-temperature behavior of , 
pure organic substances over a fair range of pressure 
centering around one atmosphere; A = 1/n if pis J which 
measured in atm. o1 = 2.8808 + 1/n if pis in mm. of 
mercury, and B = T,/n in either case.) 

There is an especial paucity of adequate data in the Wes 
literature on even common compounds of the following | Point 
types: aldehydes, acyl halides and anhydrides, alkyl differe 
fluorides (data for the other alkyl halides are fre- | kind a 
quently inconsistent, particularly in the case of the the lit 
bromides), lactones, amines and sulfur compounds — °urse 
(the available data in these classes are few and highly J Ponta 
inconsistent), amides, silicon compounds, compounds vali 
containing the CF; group, terpenes, heterocycles, and form, | 
aromatics other than hydrocarbons, as well as phos- § Pressu 
phorus compounds. its use 

It is apparent from the accompanying table that relativ 
1/nM, which is proportional to the entropy of vaporiza- sufficie 
tion per gram at the boiling point, is, as a rule, related _ 

‘ This equation is, of course, also applicable to volatile inor- ee 
ganic materials; e. g., it holds so well for Nz (and CH,) all the way Usi 
from its triple point to its critical point and for O, over an even sing 
wider range that a four-constant equation fits the data only 779.34 
slightly better (Dona, B. F., anp H. N. Davis, J. Am. Chem. Soe. *Sc 
49, 610 (1927)). a 

5 EF. g., see GERMANN, F. E. E., anp O. S. Kniaurt, Ind. Eng. P. om 
Chem., 26, 467 (1934). FD. R 
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to the polarity of the corresponding molecule. The 
uder of polarity in the alkyl halides is found to be Cl> 
Br > I, and CHCl; > CCl. Also in agreement with 
other studies is the finding that cis-crotonitrile is more 
polar than the trans isomer; and the methyl group in p- 
nitrotoluene depolarizes the nitro group to some extent. 
N-methyl- and N,N-dimethylaniline appear to be less 
polar than either aniline itself or any of the toluidines. 
It is interesting to note also that analogous benzene and 
thiophene compounds possess the same value of n, in 
harmony with other studies. Diethyl malonate is 
unusually low in the list for an ester, and this may be 
due to its chelate structure. The position of cyclo- 
pentanone and cyclohexanone is anomalous. 

It may happen that a given compound is not listed in 
the accompanying table, and no analogies can be 
drawn with any compounds that are listed. In that 
case, it is, of course, still possible to calculate the normal 
boiling point, provided that boiling points are known at 
two different pressures instead of just one. This in- 
volves solving equations simultaneously. As this is 
tedious, it is done in general form below, to save labor 
in future specific numerical applications. 

If the Wrede equation is applied at two tempera- 
tures, 7 and TJ’, corresponding respectively to the 
pressures p and p’, it is easy to show.that 


A = (T log p — T’ log p’)/(T — T’) (7) 
and 
B = log (p’/p)/(1/T — 1/T’) (8) 


If we write either one of these equations for a second set 
of temperatures and pressures, (7', p) and (T”, p”), and 
eliminate the constant, we obtain the result 


T = [T’T” log log (p/p’) — T’ log (p/p’)] (9) 
which can also be written iz: the interesting form 
log (p’/p")/T = log (p/p")/T’ — log (p/p’)/T” 


Wecan useequation (9) to calculate the normal boiling 
point of any substance if its boiling points at two 
different pressures are known; since no constants of any 
kind appear in the equation, it is fully general, within 
the limits of validity of the Wrede equation. (Of 
course, not only the normal boiling point but the boiling 
point at any pressure in the range for which the equation 
is valid can be calculated, if desired.) Because of its 
form, however, the greatest precision is obtained with 
pressures that are relatively far apart. This restricts 
its usefulness considerably; but it can be applied to 
relatively narrow ranges of pressure if the data are 
sufficiently precise. Two examples will serve to show 
this. Using the vapor pressure data of Schmidt* for 
benzene at 756.2 and 671.9 mm., a range of 84 mm., 
equation (9) give st, = 80.17°; Schmidt found 80.15. 
Using the more precise data of Willingham, et al.,” at 
779.34 and 732.07 mm., a much narrower range, equa- 
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Values of n in Equation (2) 


n Compounds 
0.16 ROH, R = Am & Hx, incl. n-HxCO.H 
isomers 
0.17 ROH, R = Me to Bu, incl. [n-AmCO-.H] 
isomers Cl,CHCO.H 
Alicyclic alcohols 
CICH:CH.OH 
0.18 CH ==CHCH,0H 
@CH.OH RCO.H, R = all isomers of 
[¢OH] Pr & Bu 
o-, m-, & p-MeC.H,OH 
OC(OEt). «NOz 
0.19 HOCH,CH,OH HCO.H 
RCO.R’, high M MeCO.H 
Phthalic anhydride 
ArOR {(MeCO).0] 
RCOR’, med. 
& high 2-Acetylthiophene 
RCO¢, med. M 
0:20 RCO.R’, low & med. MV Si(OEt), 
¢CO.R, R = Me & Et [RNH2, RNHR’, RR’R’N, 
o-HOC,H,CO,Me low & med. M] 
ROR’, open-chained & cy- ¢#NH: 
clic, med. & high M o-, m-, & p-MeC,H,NH:; 
Furfural CH.—CHCH.CN 
[Et,S] 
RCOR’, low M [Anthracene] 
[Phenanthrene] 
[Cyclohexanone] 
CHBr; 
[RX, X = Cl, Br; R = Me 
* Oc, incl. isomers} 
oF 
0.21 ROR’, open-chained & cy- SiMe, 
clic, low M o@NHMe, oN 
RCH(OR’)s, low MeNO: 
n-HxCHO RCN, low & med. M; no 
RI, R = Me to Or, incl. data for high M 
isomers cis-MeCH—CHCN 
[(CH.Ch, (CN 
[CICH:CH.Cl], Thiophene 
rCH.CH:Br 2- & 3-Me-Thiophene 
oR, R = H to n-Bu, incl. i- 
4 
@X, X = Cl, Br, I o-, m-, & p-CsH«Me. 
aliph., high 
0.22 CH.(CO.Et). trans-MeCH=CHCN 
COocl, Hydrocarbons, satd. & un- 
satd., open-chained 
cyclic, med. M 
0.23 [MeCHO] 
{[MeCOC]]} Hydrocarbons, satd. & un- 
CH:—CHCH.C! satd., open-chained & 


cyclic, low M (except 
propane & lower) 


Note: The terms low, medium, and high molecular weight are 


defined as follows: 


low—when the sum of the numbers of C, O, 


and N atoms is <6; med.—6 < 2X(C, O, N) < 12; high—2xX(C, 
O, N) > 12. The various alkyl — are designated by their 
usual symbols, in addition to which Hx and Oc are used to mean 
hexyl and octyl. Compounds whose locations in the table are 
not fully certain, owing to the inconsistency of the available data, 
are enclosed in square brackets. Alcohols, ethers, aldehydes, 
ketones, eaters, and alky! and acy! halides are listed in the left 
hand column of the table, while hydrocarbons, carboxylic acids, 
and acid anhydrides and nit n, sulfur, and silicon compounds 
are listed in the right-hand column. 


*Scumipt, M., Thesis, Paris, 1934; via Timmermans, loc. cit., 
p. 142. 

C. B., W. J. Tayior, J. M. Pranocco, anp 
F.D. Rosstnt, J. Research Nat. Bur. Standards, 35, 219 (1945). 


tion (9) gives 80.104°; the value 80.103 was reported 
from their laboratory. 
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* PHOTOMICROGRAPHY AS A TOOL FOR 
TEACHING COLLOID CHEMISTRY 


Ons of the greatest problems faced by an educator who 
is responsible for imbuing college or university students 
or students of technological institutes with the funda- 
mentals of colloid science is the need for offering as 
many visual demonstrations of the colloidal state of 
matter as possible. Based on many years of experience 
of one of us (E.A.H.) in teaching colloid chemistry, it 
must be admitted that the most effective way is to apply 
Samuel John Stone’s words, ‘‘What I can’t see, I never 
will believe in,” to such courses. This is of primary 
importance in trying to explain that what we today term 
“colloids” does not refer to specific compounds but to a 
specific state of matter. 

Thomas Graham, who coined the word “colloids,” 
differentiated between them and crystalloids according 
to the diffusivity of their solutions.' A. Mueller? pro- 
posed a division into suspensions of fine particles and 
solutions of high molecular compounds. H. Bechhold* 
even differentiated between organic and inorganic 
colloids. Depending on the point of view taken by 


various authors, colloids were considered as belonging 


either to the group of mechanical suspensions or to 
molecular solutions. A typical dualistic point of view 
resulted. Not until 1906 was the ‘disperse state of 
matter’ as the general point of view introduced by 
Wolfgang Ostwald,‘ the colloidal state being one step in 
‘the series extending from matter in the coarse state 
through microscopically detectable dispersions to the 
colloidal state and further down to truly molecular 
solutions. In his book, “The World of Neglected 
Dimensions,”’> Ostwald summed up his point of view in 
the following statement: ‘Modern colloid chemistry 
teaches that there are no sharp differences between 
mechanical suspensions, colloid solutions and molecular 
solutions. There is gradual and continuous transition 
from the first through the second to the third. Me- 
chanical suspensions, colloidal solutions and molecular or 
true solutions have the dispersed state in common.” 


1 GrauaM, Tu., Phil. Trans. Roy. Soc., 151, 183 (1861); Proc. 
Roy. Soc., 13, 335 (1864). 

2 MvuEtteER, A., Zeit. anorg. Chem., 36, 340 (1903). 

3 BecHHOLp, H., Zeit. physikal. Chem., 48, 385 (1904). 

4 Hauser, E. A., “Colloida! Phenomena,’’ McGraw-Hill Book 
Co., Inc., New York, 1939, pp. 1-25. 

5 OstwaLp, Wo., Koll. Zeit., 1, 291, 331 (1906); ‘An Introduc- 
tion to Theoretical and Applied Colloid Chemistry,’’ 2nd ed., 
John Wiley & Sons, Inc., New York, 1922, p. 14. 


ERNST A. HAUSER 

Massachusetts Institute of Technology, Cambridge, 
Massachusetts, and Worcester Polytechnic Institute, 
Worcester, Massachusetts 


HORACIO E. BERGNA 
L.E.M.I.T. and University of La Plata, La Plata, 
Argentina 


Entirely independent of Ostwald’s primarily theo- 
retical deductions, the Russian scientist, P. P. von 
Weimarn, offered the necessary experimental proof for 
Ostwald’s statement during 1905 to 1907.° Studying 
the reaction 


MnSO, + Ba(CNS)2 + aq. = Mn(CNS)2 + BaSO, + aq. 


he found that the consistency in which the insoluble 
barium sulfate precipitated depended entirely on the 
concentration of the reacting solutions. 

On the basis of over 200 experiments he found that it 
was always possible to obtain extremely fine crystals, 
coarse flocks, or jellies, which upon dilution formed 
colloidal sols, depending only on the concentration 
of the reacting substances used. Von Weimarn 
summed up this first important experimental contribu- 
tion to colloid chemistry in the following statements: 
“The so-called colloidal, amorphous and crystalloidal 
states are all together universal (possible) properties of 
matter. ... Generally speaking, it follows from these 
investigations that colloids and crystalloids are by no 
means two special worlds but that there exist close re- 
lations between themselves as well as between them and 
the gaseous and liquid states of matter.’’® 

This contribution is today known as ‘‘von Weimarn’s 
Law of Precipitation.”’ It is beyond any question of a 
doubt one of the greatest contributions to the develop- 
ment of modern colloid science and therefore its teach- 
ing deserves special attention. 

Our experience has proved that classroom demonstra- 
tion of the von Weimarn Law of Precipitation carries 
with it serious drawbacks. The procedure %s_ time- 
consuming. It is necessary to set up three filtration 
funnels equipped with quantitative filter paper, make 
up three solutions with different concentrations of 
reacting chemicals and then subject the forrhed dis- 
persions to filtration. All equipment must be perfectly 
clean and the water used for making up the solutions 
absolutely electrolyte-free. But even with the greatest 
precautions one never can obtain as clear-cut a differ- 
entiation as one would wish between the reaction prod- 
uct obtained with the greatest dilutions and that with 
the highest concentration. Although the residues left 


*von Wemarn, P. P., J. Russ. Physiko-chem. Ges., 37, 949 
(1905); Koll. Zeit., 2, 76, 128, 199, 230 (1907); 3, 282 (1908); 
4, 27, 123, 198, 252, 315 (1909); 5, 62, 117, 150, 212 (1910). 
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Figure 1 
The von Weimarn Law of Precip- 
itation Curve Illustrated with 
Photomicrograph Original Mag- 
nification 550 X 
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on the filter papers show a marked difference in re- 
tained material between the low, medium and high con- 
centrations, thereby offering visual proof that the 
colloidal range of dimensions cannot be set off by a 
straight line of demarcation, the experiment is not so 
convincing to the newcomer as it should be. Un- 
questionably the greatest disadvantage, however, is 
the time lost while this experiment is in progress; 
under our prevailing educational setup every minute at 
our disposal must be used to the best advantage. 

We therefore decided to offer a visual demonstration 
of the von Weimarn Law of Precipitation by the use of 
ultra- and electron-microscopy. The electron micro- 
scope has already been applied successfully in the teach- 
ing of science,’ providing direct observation of phe- 
nomena previously known only by indirect means. One 
of us (H.E.B.), jointly with Prof. Solari and Prof. 
Catoggio of the University of La Plata in Argentina, 
has already successfully used Fischer’s electron photo- 
micrographs in teaching quantitative chemical analysis. 
By the use of the electron microscope and the Ultropak 


7 Fiscuer, R. B., J. Comm. Epuc., 24, 484 (1947). 
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ultramicroscope we have now been able to offer g 
very simple and graphical demonstration of the von 
Weimarn law. Although the results do not reves] 
any new information they nevertheless offer visual 
proof of the difference in particle size obtained when 
reacting the chemicals at various concentrations, 
Figure 1 shows a plot of the concentration vs. particle 
size of the precipitate and at the same time ultraphoto- 
micrographs of these precipitates. Although the differ- 
ence in particle sizes obtained when using various con- 
centrations of the reacting chemicals is clearly evident, 
we also subjected the precipitates to electron-photo- 
micrography. Figure 2 shows the results of the elec- 
tron-microscope studies. 

We feel that showing these two figures by projection 
on a screen will give the teacher a much better basis 
for explaining to his students what the von Weimarn 
Law of Precipitation stands for than to carry out the 
time-consuming experiments previously referred to. 
Besides this, the student may now even see the struc- 
ture of the precipitated particle, something which has 
hitherto not been practical in classroom demonstra- 
tions. 


THE FRIEDEL-CRAFTS REACTION IN 
ELEMENTARY ORGANIC LABORATORIES 


Two very common reactions from the theoretical stand- 
point in the study of elementary organic chemistry are 
the Friedel-Crafts reaction and the Grignard reaction. 
In the study of synthetic preparations of alcohols, ke- 
tones, and hydrocarbons, these organo-metallic reac- 
tions play 2 most important part. Yet very few under- 
graduate college courses offer laboratory work utilizing 
these procedures. 

The fire hazard inherent in procedures involving the 
use of ether and carbon disulfide in the beginning labora- 
tory is a well-known and highly respected factor. The 
Friedel-Crafts hydrocarbon synthesis using an alkyl 
halide and an aromatic compound with anhydrous 
aluminum chloride as a catalyst gives poor yields, for 
the most part, which are. usually mixtures not easily sep- 
arated by means of simple techniques. Fractional 
distillation can be effected successful.y only if the proc- 
ess is well handled in good equipment. 


1 Present address: Central Research Laboratories, Continental 
Oil Co., Ponca City, Oklahoma. 


OSCAR L. WRIGHT,’ DONALD FUHLHAGE, 
and EARL SHERIDAN 
College of Emporia, Emporia, Kansas 


The acylation procedures recorded in various labora- 
tory manuals and other literature also call for apparatus 
and techniques not usually found in the beginning 
laboratory, since many procedures call for extended 
periods of reflux or reaction time. Not all courses in- 
clude reduced pressure distillation techniques, either, 
and their use is essential to many preparations listed in 
the literature. 


Yields of aromatic ketones are recorded as between 
80 and 90 per cent of the theoretical, depending upon 
the reaction conditions. Many deviations of proce- 
dures have been tried in order to improve yields; for 
purposes of investigation the yield of any product is an 
important consideration. The yield of product, to 4 
large extent, depends upon the techniques and the 
ability of the chemist, however, and even though 4 
great stress is placed upon the mastery of technique in 
the beginning laboratory, it is definitely a limiting fac- 
tor. High percentage yields are not essential to good 
results in the achievement of the aims of student labora- 
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tory work; nor is the handling of large amounts of 
yarious species. 

Budgets are usually the initial consideration in the 
selection of experiments to be done in all elementary 
laboratories, especially in small schools. It was with 
this thought in mind that we began to search the litera- 
ture for experiments utilizing small, inexpensive equip- 
ment and semimicro techniques. Much can be said 
for the acquisition of fine techniques made possible by 
the efficient handling of small amounts of material. 
We have used many semimicro procedures in our labora- 
tory experiments this year with a high degree of success. 

One of the procedures we used is a modification of the 
Perrier ketone synthesis, although it works just as well 
in the normal acylation reaction procedure. This 
reaction is run in an 8-inch test tube, without drying 
tubes, without condenser, without automatic stirring, 
and without gas trap. The reaction is run in 0.1-molar 
quantities (or smaller) and the time is reduced greatly. 
The use of small quantities diminishes the fire hazard. 
The washing of the product isascustomary. The prod- 
uct is distilled in a small distilling flask at atmospheric 
pressure, using a Bunsen flame as a source of heat. The 
product is collected in a weighed test tube. Yields of 
product in this reaction run as high as 85 per cent. 


Aromatic Acylating Yield, Yield, 
compound agent 9. % 
} 

Benzene Acety] chloride 7.9 66 
Benzene Propiony] chloride 8.3 62 
Benzene Butyry] chloride 10.4 70 
Benzene Benzoy] chloride 7.8 43 
Toluene Acety] chloride 8.8 66 
Ethylbenzene Acety! chloride 9.0 61 
ene Acety] chloride 11.4 70 
Cumene Propiony] chloride 12.7 72 
Cumene Butyry] chloride 14.3 75 
\ see-Butylbenzene Acetyl] chloride 10.5 60 
sec-Butylbenzene Propiony] ch'oride 12.0 63 
sec-Butylbenzene Butyry] chioride 14.7 72 
‘ymene Acety! chloride 9.0 40 
romobenzene Acety] chloride 10.2 50 
o-Dichlorobenzene Acety] chloride 9.6 51 
o-Bromotoluene Acetyl] chloride 16.8 84 
Dipheny] ether - Acety] chloride 6.6 31 
Anisole Acetyl] chloride 8. 53 

Anethole Acety] chloride Polymerized 

Pyrrole Acety] chloride Polymerized 


The yields given in the table above were obtained by 
beginning students in the elementary organic course. 
They no doubt could be improved on by an experienced 
investigator, but they show the type of work which is 
possible by the student in an elementary course. 

This modification of the Friedel-Crafts acylation 
reaction reduces the time element, the cost (by using 
smaller quantities), the fire hazard, and eliminates the 
use of expensive equipment, thus making its use practi- 
cal in the elementary course. Any or all of the alumi- 

_Rum chloride complexes may be isolated if desired. All 
| of the details of the reaction may be observed during the 
process. Where it is possible, reduced pressure tech- 
niques may be employed. The apparatus used in this 
laboratory for reduced pressure distillation can be made 
with but little glass-blowing technique (see the figure). 


¢ 


The experimental procedure is as follows: Weigh 16 
g. (0.12 mol) of anhydrous aluminum chloride into a 
dry, 8-inch test tube. Add 15 ml. of carbon bisulfide 
and stir with a glass rod until the suspension is uni- 
form. Cool the mixture in an ice-water bath, and add 
slowly 7.85 g. (0.1 mol) of acetyl chloride. Some ef- 
fervescence of HCl may be noted here, and unless effi- 
cient cooling is effected, some of the carbon bisulfide may 
boil out. After this mixture has been stirred and 
cooled thoroughly (5—10°C.) add slowly from a dropping 
funnel 10-15 ml. (excess) benzene. (Dry benzene will 
improve the yield but is not essential.) If no reaction 
is apparent at this point the reaction mixture may be 
removed from the cooling bath and allowed to warm to 
room temperature; with some compounds it may be 
necessary to warm in a hot-water bath. It may be 
necessary to replace the test tube in the cooling bath if 
the reaction shows signs of boiling out of the tube. The 
reaction is usually complete in 10-15 minutes and is 
immediately poured into a mixture of HCl and crushed 
ice, separated, and the aqueous solution extracted 
twice with 10-ml. portions of ether. The oil and ether 
extracts are combined, washed once with water, once 
with 10 per cent sodium carbonate solution, and twice 
again with water. The ether extract is then dried with 
a few granules of calcium chloride and distilled. The 
fraction boiling from 180° to 210° is collected and, if 
purity is desired, redistilled. Derivatives may be pre- 
pared from the cut after one distillation. The 2,4- 
dinitrophenylhydrazone is especially convenient in the 
case of acetophenone. The yield of acetophenone is 
8-10 g. 
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To many the dominant characteristic of the present 
age is specialization. However, G. F. Hiittig’s career 
forcefully proves that broad interests are likewise a 
means to scientific success. He believes that far- 
reaching ideas and research topics originate through 
taking a comprehensive look at that whole complex 
which, as pure exact science, bridges the gap between 
philosophy and technology. 


Gustav F. Hittig 


The printed record of his life work is contained chiefly 
in more than 400 papers in most of the important 
chemical periodicals. At an early stage in his career, 
and under the influence of Wilhelm Biltz, he became 
interested in the theory of chemical affinity and the 
chemistry of complex compounds. Especially through 
extensive studies of the ammines of metal halides, he 
arrived at a quantitative geometrical basis of the maxi- 
mum coordination number. In this connection he 
developed his “‘tensieudiometer,”’ a device that permits 
the simultaneous measurement of the pressure and 
volume of gases. Next, via the investigation of the 
hydrates of salts, he went into the question of oxy- 


GUSTAV F. HUTTIG 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


hydrates, a field of study that was rounded off by the 
publication (with R. Fricke) of “Hydroxide und Oxyde” 
(Leipzig, 1937; reprinted Ann Arbor, 1944, 625 
pages). He discussed at length the various types of 
water binding, and in particular showed that the os- 
motic binding of water in solids (one of his discoveries) 
is subject to the same laws that hold for the osmotic 
phenomena in liquid solutions. The stoichiometric 
chemical binding of water, as well as solid solution, 
osmotic binding, binding in capillaries, and finally 
adsorption are the ideal limiting cases, compared with 
which the realizable instances must be designated as 
transition stages between such limiting cases. By 
extension of the studies to other classes of materials, 
the fact emerged that the law of constant and multiple 
proportions for solids is a limit law that is never at- 
tained as is the case, for example, with the ideal Boyle- 
Gay-Lussac law for the behavior of real gases. 

Hiittig’s observations and formulations concerning 
“‘vagabundieren”’ lattice constituents, 7. e., constituents 
that wander about in the crystal lattice, deal with the 
same phenomenon which was subsequently discussed in 
detail by others as crystal lattice self-diffusion. Such 
phenomena permit the recognition that the corner 
stones of the actual happening are the mass action law, 
which holds for the ideally freely mobile molecules on 
one hand and the Gibbsian phase rule that is valid 
for those that have fixed positions in solids. Particu- 
larly intensive studies were made of the thermody- 
namics and kinetics of the reactions of the types: 


4 AB (solid) — A(solid) + B(gaseous) 
an 
A(solid) + B(gaseous) AB(solid) 


It was found that there is a continuous series of “acti- 
vated”’ states, which in some instances can be prepared 
in isolable form, between the arrangement of the mole- 
cules in the starting materials and the end products. 
The strikingly high activity of the molecules situated 
in the interfaces is the cause of the observed thermo- 
dynamic equilibria, the kinetic behavior and also of 
the catalytic activity. The multiplicity of inter- 
mediate states that can be produced in the laboratory 
or plant has special interest for technical catalytic 
processes. Many of those who heard Professor Hiittig 
lecture on catalysis and related topics in 1936 at Madi- 
son, Minneapolis, Ames, Lafayette, etc., undoubtedly 
recall the strikingly clear presentations of this complex 
subject, lectures highlighted by such expressions as 
“principle of the betrayed betrayer,”’ “switch effect,” 
and “‘power of memory of solids.” 

During the past ten years, he has devoted himself 
to an amazingly wide range of topics: adsorption; 
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the use of aluminum silicates as a source of this metal; 
the electromagnetic properties of solids; the effect of 
the surrounding medium on the electrical conductivity 
of very thin wires; metal carbides; the systematization 
of chemical reaction types, etc. He has given special 
attention to pulverizing techniques and powder metal- 
lurgy. In fact, his latest visit (1949) to this country 
was as a powder metallurgist; he gave a lecture on 
this subject at Bayside, New York. Since sintered or 
fritted materials have many more degrees of freedom 
than true stable chemical compounds with respect to 
combinations of different properties, they provide a 
source of technical materials that as yet has been far 
from being fully exploited for either scientific or manu- 
facturing purposes. 

Gustav France Hiittig was born on May 13, 1890, at 
Prague, where his ancestors had lived for centuries. 
He was trained at the Deutsche Technische Hochschule 
there. From 1914 to 1926 he was assistant and then 
(1921) Privatdozent at the Bergakademie in Clausthal. 
In 1922 he was called to the University of Jena as pro- 


fessor of inorganic and physical chemistry. During 
World War I he served (finally as lieutenant) in the 
Austro-Hungarian army. He returned to his native 
Prague, where he was director of the Institut fir 
anorganische und analytische Chemie at his alma mater 
from 1926 to 1945. He was then driven out, stripped 
of all his possessions. However, he soon was called 
to his present post, director of the laboratory of inor- 
ganic and analytical chemistry at the Technische 
Hochschule in Graz. 

Professor Hiittig is a member of various European 
scientific academies and also of the Vienna Academy. 
In 1936 he received the coveted Liebig Medal of the 
Verein Deutscher Chemiker. He is one of the editors 
of the “‘Monatshefte fiir Chemie.’”’ He compiled a large 
portion of his work in the “Handbuch der Katalyse,”’ 
Volume VI, 318-578, Vienna, 1943. He has also made 
significant contributions to W. E. Kingston’s ‘The 
Physics of Powder Metallurgy’? (New York, 1951) 
and to the “Powder Metallurgy Bulletin,” issued by 
P. Schwarzkopf at Yonkers, New York. 


MICRO-BUMP-ROCKETS 


Some time ago, while investigating properties of super- 
heated liquids, the writer devised a demonstration for 
undergraduate chemistry laboratory students which 
dramatically illustrates the energy stored in super- 
heated liquids and points up the danger of heating 
liquids such as ethyl ether in the laboratory without 
suitable precautions to prevent “bumping.” In essence 
the experiment utilizes the energy stored in a small 
amount of superheated liquid to propel a small rocket 
made of a glass melting-point tube. 

The melting-point tubes, like those used by organic 
chemists, are made by heating the center portion of a 
small soft-glass test tube in a bunsen flame and drawing 
the fube out into a capillary about 11/2 mm. in diameter. 
From this long capillary tube straight sections 6 to 7 cm. 
long may be broken out, using a sharp file. Each 


section should then be closed at one end by momentarily 
holding it in the edge of a flame. 


A Demonstration of the Power of Superheated 
Liquids 


RICHARD G. WOODBRIDGE, Ill 
Princeton, New Jersey 


By use of a medicine dropper, the end of which has 
been drawn out into a fine capillary which can be intro- 
duced into the melting-point tube, the rocket may be 
filled about three-fourths full of ether. Care should 
be taken that the closed end is filled completely with 
the ether. Bubbles can be removed by using the med- 
icine dropper. 

For a launching tube use a 15-cm. length of Pyrex 
thick-walled capillary tubing (like barometer tubing). 
This may be clamped in a support at any suitable angle. 
The rocket should fit very loosely in the launching tube. 
The ether-filled rocket is introduced into the lower end 
of the launching tube. The open end of the rocket 
should project slightly from the lower end of the launch- 
ing tube. 

By gently heating the exterior of the launching tube 
with a small flame, the ether in the rocket can be highly 
superheated. By close observation, the ether in the 
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rocket may be seen to expand until it reaches the 
rocket’s open end, at which time, with a noise like a 
pistol shot, the rocket “takes off’? with tremendous 
speed. The writer has achieved flights of 40-50 feet 
with these microrockets, which with a little good luck 
may be recovered and used again. 

If the roeket is halted by sharply striking a wall, etc., 
before its fuel is used up it will explode with a loud 
““‘bang.”’ 

Water may be used to fuel these micro-bump-rockets; 
however, the rocket tube must be boiled (closed end up) 
in the water for about 20 minutes immediately prior to 
using, during which it will gradually fill with water. 
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Final adjustments of the water level (using the boiled 
water), removal of bubbles, etc., are easily accomplished 
using the medicine dropper previously described. 

The demonstration should be done only by one ex- 
perienced in laboratory operations and should be con- 
sidered as hazardous. While the writer has never ex. 
perienced any difficulties, the demonstrator should wear 
safety goggles or other eye protection and the rocket 
launching site should be guarded by safetyglass shields, 
Spectators obviously should be kept from in front of the 
rocket and at a safe distance from the rocket when fired, 
And, of course, when fueling the ether rocket and when 
handling ether there must be no flames in the vicinity. 


oe A DIAGNOSTIC TEST IN SIMPLE MATHEMATICS 


Hicu-scHoo. administrators and teachers of mathe- 
matics are in general quite unaware of the kind of 
mathematics preparation necessary for those students 
who are going to the colleges and universities for the 
purpose of studying in the physical sciences. The 
majority intend to take the premedical curriculum 
with a scattering in chemistry and physics as their 
major subject. Those who do elect the course pre- 
scribed by the medical schools will take primarily 
general chemistry, qualitative analysis, quantitative 
analysis, and organic chemistry. 

The first three of these subjects require much arith- 
metic, a fair amount of algebra, and the use of loga- 
rithms and exponentials. Even the reasoning in por- 
tions of organic chemistry is mathematical in nature, 
requiring the same logic as does plane geometry. The 
authors feel therefore that there is a close correlation 
between a student’s performance in mathematics and 
his ability to think chemically. 

In order to have a talking point with the counselors 
of the high schools and aid in advising the student in 
the first-year courses, we have devised a simple test 
in mathematics. We talk over the results of the test 
with each individual student who does poorly and sug- 
gest means of improving his technique in handling the 
processes in which he is weak. 

Students in the beginning courses in chemistry have 
their greatest difficulties with problems involving the 


FREDERIC C. SCHMIDT and CHRISTIAN E. KASLOW 
Indiana University, Bloomington, Indiana 


gas laws, concentrations of solutions, and equilibria 
involving ions. Students generally fail not from a lack 
of understanding of the principles involved but from 
inability to handle the so-calied “math’’ involved. 
We have found the test in simple mathematics 
valuable in diagnosing the student’s mathematical 
troubles and indicating specifically where he needs 
help. Reports have been given to the State’s Associa- 
tion of High School Mathematics Teachers and they 
have cooperated with us in giving the prospective 
student of the physical sciences a better background. 
The complete test, with a total of 20 questions, is 
given in 45 minutes and can be arranged for use in an 
IBM machine or hand-corrected. An_ illustrative 
sample of the questions is given below. 
(1) Which number is larger than 2.4 X 10-*? 24 X 1077, 2.5 X 
10-*, 65 X 10-7, 2.0 X 10—"*, 2.3 XK 10-6. 
(2) The logarithm to base 10 of 1/1000 is: 1000, —3.0, —2.0, 4.0, 
10.4. 
(3) eae = 1 X 10-*. Calculate z. 
10-*, 1 X 10%, 1 X 107°. 
(4) The cube root of 2.7 X 10-*is: 3 X 10-*,4 K 10-*,3 X 1075 
9 X 1071,3 X 10-*. 
(5) Find z if the ratio of x to 1/2 is 50 to 1. 


1000, 200, 100, 50, 25. 


(6) z? + 0.152 — 2.53 = O, z equals: +1.68, —1.68; +2.86, 
—3.85; $1.52, —1.67; +4.38, —2.93; +1, —2. 

(7) Ifloga M =z, then M equals: x*, M*, a*, x/M, M/z. 

(8) If a team wins 2 games and loses 8, what per cent are 
won? 25%,2%, 20%, 2.5%, 0.2%. 
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AN AUTOMATIC CONSTANT-VOLUME 
FRACTION COLLECTOR’ 


Tus widespread use of chromatographic and ion 
exchange columns has established the need for 
automatic - fraction collecting devices. To supply 
this need in our laboratory an inexpensive constant 
volume fraction collector has been designed. 

Various types of automatic fraction collectors have 
already been described (1-8). Those employing elec- 
tronic units cannot be considered if initial expense and 
maintenance are primary factors in determining the 
choice of a fraction collector. If an inexpensive unit 
is to be satisfactory it must have a positive and reliable 
action, deliver fractions of constant volume and in- 
volve no features of assembly or adjustment that cannot 
be handled by ordinary laboratory personnel. 

The apparatus in use in our laboratory employs an 
intermittent siphon as a fraction cutter, and a simple 
electrical mechanism controlling the position of the 
receiver rack which is mounted on a spring-driven 
phonograph turntable. The apparatus is sketched in 
the accompanying diagram. 

The manner in which the liquid is delivered from 
intermittent siphon A activates the control mechanism. 
The bulk of the liquid falls vertically from the delivery 
tube directly into the receiver. The last few drops 
emerge with increased velocity and strike paddle B 
before falling into the receiver. C is a copper bar 
3 X 3 X 110 mm. supported by a steel needle through 
a hole at the approximate balance point and resting 
onpin D. The sensitivity of the movement of C about 
the fulcrum is controlled by adjusting the nuts at the 
threaded end. The force against B elevates the 
threaded end of C making a brushing contact with EZ 
(the copper conducting strip of the cam-activated part 
of a set of automobile distributor points). The position 
of E is adjusted by rotation about the mounting screw. 
The contact of C with E closes the coil circuit of F, 
a single-pole single-throw, normally open 115-volt 
a.-c. relay (MR3A Potter and Brumfield). This relay 
controls the 115-volt a.-c. circuit energizing electro- 
magnet H which consists of a Potter and Brumfield 
MS2A relay rewound with No. 28 enameled copper wire. 
An electric light bulb, J, (50-150 watts) is placed in 
series with this circuit to limit, the current, drawn by 
the electromagnet. When the electromagnet is ener- 
gized, assembly J is withdrawn from pin J, allowing the 
turntable to turn. Since the “blurp” from the siphon 
displaces bar C from its resting position for only a frac- 


' Work supported in part by. a contract between the Charies F. 
Kettering Foundation and The Ohio State University Research 
Foundation. 
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_ second, the electromagnet is energized for an 
” short period and allows the moving assembly 
.. img back to engage the next pin on the receiver 
rack. The receiver rack is made from pressed fiber 
board with the pins set in the periphery of the bottom 
section spaced to correspond to the receivers. When 
small receivers are used a funnel is placed between B 
and the receiver. 

When the liquid to be fractionated is conducting 
and noninflammable, two platinum wires, arranged so 
that the “blurp’” completes the circuit of the relay, 
may be used to replace the mechanical switch shown. 


=( 


t-Volume Fraction Collector 


An Aut 


Although this particular apparatus has been described 
in some detail, we wish to emphasize that most of these 
details are not critical. The bend in the delivery arm 
of the intermittent siphon is of course necessary. 
It is also important that the electromagnet be energized 
for a period sufficiently long to allow J to be withdrawn. 
The brushing contact of bar C with E makes possible 
the fulfillment of this requirement. The details of the 


receiver rack, the turntable, and the electrical circuit 
are 2)! subject to the individuals’ needs and ingenuity. 
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Meruops of making visual the periodic character of a 
number of the properties of the elements are most im- 
portant to teachers of general and inorganic chemistry. 
A number of recent papers deal wi'h such representa- 
tions.!—* 

Attractive as these suggestions are, some are not ap- 
plicable to use in a lecture room and those which are 
show only one or two properties. It is possible to cor- 
relate much chemistry with atomic and ionic sizes, but 
certainly it would be helpful for the students, at least 
occasionally, to be able to see periodic relations of other 
properties. 

The recent completion of a large (14 ft. 9 in. X 6 ft.) 
periodic table (Figure 1) in our lecture room and our 
previous efforts® at representing properties on a small 
scale have led us to investigate a plan more versatile than 
others for showing periodic properties to a large class. 
Our plan is to assign to each element for each property 
to be studied a square cardboard block marked off, at 
least in theory, into 100 smaller squares. The magnitude 
of the numerical value of the property for the element is 
represented by an appropriate number of the small squares 
with usually some fraction of an additional square. 
One counts uff the squares from the lower left, moving 
from left to right along a horizontal row. After the 
completion of one row, the next higher one is begun at 
the left. For example, for the melting points shown in 
Figure 2, the 100 small squares represent 3850°K. 
For lithium, melting point 452°K., a total of 11*/, small 
squares, 10 in the bottem row and a small section of the 
left side of the next row, are required. When this 


1 CaMPBELL, J. A., J. Coem. Epuc., 23, 525 (1946). 

2 CAMPBELL, J. A., ibid., 25, 558 (1948). 

3 Garrett, A. B., ibid., 25, 544 (1948). 

4 Keer, R. N., ibid., 28, 312 (1951). 

5 KLINGENBERG, J., AND L. SPRINGMAN, ibid., 29, 81 (1952). 

6 Hazienurst, T. H., anp F. J. Fornorr, ibid., 20, 77 (1942). 


* A PERIODIC TABLE FOR THE LECTURE ROOM 
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method is used for small-sized tables,® the proper number 
of squares is darkened. For our lecture room use the 
proper area was laid out on a card six inches wide anda 
maximum of six inches high (not counting the inch flap 
at the bottom for mounting), and the card was then cut 
to include only this area. 

Wood strips with 1 in. X 1 in. cross sect:on and as 
long as the different periods required were obtained and 
painted dull black. Four stranded wires were hung 
from hooks above the lecture-room periodic table, and 
the wood strips were attached to the wires at the appro- 
priate horizontal levels for the different periods. The 
strips were bored for the wires, or the wires were stapled 
to the ends of the strips as each location required. A 
comparison of Figure 1 with Figure 2 shows the location 
of the strips. This framework was then used for mount- 
ing the previously described property cards, one for 
each element. 

Our periodic-table block for each element is 7 in. X 
9 in. The property card, 6-in. wide and at most 6-in. 
high, is attached to the wood strip to cover a portion 
of the symbol of the element, but the atomic number is 
left exposed for ready identification of the element from 
a textbook periodic table or list of elements. We use 
yellow cards to contrast best with our white table and 
its black, green, and orange symbols, black atomic 
weights, and red atomic numbers. The flap on each 
card for the thumb-tack attachment is covered with 
black picture-binding tape, and black-headed thumb 
tacks are used. The fastening can thus be done on the 
front side of the wood strips without leaving any dis- 
turbing evidences of the attachment. 

Both horizontal and vertical relationships among the 
elements for the property displayed are obvious to the 
entire class at the same time. This method makes ap- 
parent variations in the magnitude of properties in 4 
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small space even when the variations are rather small. 
Notice, for example, that the irregularities in the melt- 
ing points of the alkaline earth metals are readily ap- 
parent. The photograpb for the figure was re- 
touched to show the outlines of the cards since the yel- 
low-white color contrast is not reeorded by photo- 
graphic film. 

Any large periodic table may be used for this sort of 
property display. Our table has the feature of sepa- 
rately controlled lights for each of the elements. We 


Figure 2. Periodic rep: tation of the melting points of the el 
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The periodic table of lecture room size shown with the lights on and without the frame used in showing the periodic relations. 


can thus illuminate the block for the element in each 
period with the highest or the lowest value of the prop- 
erty and so make quite striking the regularity—or the 
shifts—in the locations of these extremes from one 
period to the next. 

With some planning and some preparation for the 
thumb-tack attachments, one can shift from one set of 
property cards to another in fairly short order, but one 
would rarely want to take class time for this. We have 
not found that being forced to take up only one property 


@ magnitude of the area of the card in front of the symbol is a 


measure of the ae eae of the element. 
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in a period, along with the other material for the re- 
mainder of the class time, is necessarily bad. Too 
many periodic properties in one day make a difficult 
body of material for the students to understand and 
master. Considering one property per class for a few 
days encourages discussion. We have, for example, ex- 
plored explanations for the interesting variations of 
melting points within each family and from family to 
family. The elements with no cards can be easily lo- 
cated, and the class can develop periodic understanding 
by making predictions for missing values. The frame, 
after the cards have been removed, may be left in place 
over the periodic table, or it may be removed and rolled 
up for compact storage. The cards for any one prop- 
erty may be easily stored in a large manila envelope. 
Our periodic table, although much like the one con- 
structed by F. B. Dutton’ at Michigan State Col- 
lege, has several variations that may be of in- 
terest to others: (1) Our back piece is of fiber- 
board rather than plywood. The fiberboard comes 
in sheets almost large enough for a table of our size with- 
out seams. We have covered the back with two coats 
of aluminum paint rather than with sheet aluminum. 
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(2) The network of metal boxes, one for each element, 
was constructed of 18 vertical and nine horizontal 
strips, appropriately slotted to permit the egg-crate 
type of interlocking. In order that the strips might be 
drawn tight, the method of attachment shown in 
ure 3 was used. Other constructional details are also 
shown in this figure. The entire network is mounted in 
a wood frame which is set into and attached to the iron 
angle-pieces which constitute the outer frame of the 
table. The network is thus not fastened to the back- 
board and so can be removed as a unit if this becomes 
necessary. Although measurement for the slotting was 
carefully done, we found it necessary to glue narrow 
strips of paper into many of the box corners to reduce 
light leakage from one box to its neighbors. (3) The 
glass used is white opal. The symbols are on the front 
of the glass, and with the white background we have a 
most effective table whether illuminated or not. The 
lights were off for Figure 2 and were on for Figure 1. 
The light transmitted is somewhat reduced by this 
choice of glass, but glass wool was not used in front of 
the bulbs, and we still have very good light diffusion as 
shown in Figure 1. (4) The use of transparencies® and 
of decals* for atomic numbers and weights obviated 
the need for a painter. An adhesive-backed cloth tape 
was used for the lines. We found it possible to get a 
variety of colors in transparencies of the right sizes, and 
so we employed different colors for the symbols to show 
which elements are in each of the three states of matter 
at room temperature. Each letter, number, and period 
is a separately applied unit. (5) To suggest the chem- 
ical relationships as fully as possible the symbols for 
thorium, protactinium, and uranium, as well as those 
of lanthanum and actinium, appear twice on the table. 
For each of these elements one switch controls both 
lights, but the colors of the bulbs are those required for 
the families in which the dual relationships place the 
elements. 

Prospective builders may be interested in our cost 
figures: 


Metal pieces $ 36.50 
Glass 60 .06 
Electrical supplies 141.62 
aint 26.04 
Lumber 25.14 
Decals, transparencies 51.00 
Hardware (bolts, screws, etc.) 34.60 
Miscellaneous 25.04 
$400.00 


These costs include the framework and the cards for 
the periodic property representations. We had no 
labor costs and have not dared estimate the time used 
on the project. Talking to another builder would no 
doubt have saved us much time. 

The usefulness and attractiveness of the table as 4 
teaching aid in presenting the periodic and other prop- 
erties of the elements have led us to feel that our in- 
vestment of time and money was worth while. 


7 Durron, F. B., ibid., 28, 110 (1951). 


8 Addresses of manufacturers will be furnished on request. 
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* THE READING DIFFICULTY OF TEXTBOOKS FOR 
HIGH-SCHOOL CHEMISTRY 


Dvzrine the last half century one of the major con- 
cerns of professors of chemistry and physics in teachers 
colleges, and of teachers of chemistry and physics in 
high schools, has been the steady decrease in enroll- 
ments in high-school chemistry and physics. While it 
is true that the decrease in enrollments is not especially 
noticeable in number, it is noticeable in the drop in per- 
centage enrollment that has taken place. These facts 
are evident in reports by the U. S. Office of Educa- 
tion.' 

Further, the Central Association for Science and 
Mathematics Teachers has established the Committee 
on the Significance of Mathematics and Science in 
Education to investigate the reasons for decrease in 
enrollments in these courses. 

Of course, a number of reasons are obvious for such a 
drop in enrollments. Whereas the high school was 
designed formerly for students intending to go to 
college, it has become a training ground for all citizens, 
many of whom are entering occupations in which chem- 
istry and physics have little or no significance. Also, 
the general intellectual level of the high school is more 
and more closely approximating that of the level of the 
over-all population. Thus, many of the areas and 
topics found in chemistry and physics, as wel] as many 
of the published materials for use in these subjects, may 
be too difficult for the average of the present high- 
school population. As a result, there may be an effort 
on the part of students to avoid these subjects. 

With respect to the point about the difficulty of 
published materials, a number of studies have been 


1 “Offerings and Enrollments in High-School Subjects,” 
1948-49, Biennial Survey of Education in the United States 
1948-50, Chapter 5. Office of Education, Federal Security 
Agency, Washington, D. C. 

?“The Program of Studies,” Bulletin No. 17, 1932. Mono- 
graph No. 19. Office of Education, United States Department 
of Interior, Washington, D. C., 1933. 

“The Teaching of Science in Public High Schools,’ Bulletin 
No. 9, 1950. Office of Education, Federal Security Agency, 
Washington, D. C., 1950. 
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undertaken recently concerning the levels of reading 
difficulty of textbooks for science.*—” 

In essence, all these studies indicate the following: 

1. The reading levels of many textbooks in science 
are too advanced for students for whom they are writ- 
ten. 

2. The differences between the levels of reading 
difficulty of the easiest and the most difficult text- 
books in any area of science are significant. 

3. In some textbooks of science whose average level 
of reading difficulty seems satisfactory, there are pas- 
sages that would be difficult even for some college 
students. 

4. -Many textbooks of science contain nontechnical 
words that could be replaced with easier synonyms. 

However, none of these conclusions applied specifi- 
cally to textbooks in the field of chemistry. Hence it 
was decided to extend these studies to textbooks for 
high-school chemistry to determine if the same condi- 
tions obtained in that area. This investigation there- 
fore deals with textbooks of high-school chemistry. 

A search was made to locate the titles of textbooks 
designed for use in chemistry. The search revealed 


4 Mauuinson, G. G., “Some problems of vocabulary and read- 
ing difficulty in teaching junior high school science,” School Sci. 
and Math., 52, 269-74. 

5 Mautuinson, G. G., “The readability of high school science 
texts,”’ The Sci. Teacher, 18, 253-6. 

® Mauuinson, G. G., H. E. Srurm, anp L. M. MALLInson, 
“The reading difficulty of textbooks for general science,’’ School 
Review, 52, 94-98. 

7 Mauuinson, G. G., H. E. Sturm, anp R.E. Parton, “The 
reading difficulty of textbooks in elementary science,” Elemen- 
tary School J., 50, 460-63. 

8 Mauuinson, G. G., H. E. Sturm, anp L. M. Matainson, 
“The reading difficulty of textbooks in high-school biology,’”’ Am. 
Biol. Teacher, 12, 151-56. 

® Mauuinson, G. G., H. E. Sturm, anp L. M. MA.uinson, 
“The reading difficulty of textbooks in junior high school science,” 
School Review, 50, 536-40. 

1 Mauuinson, G. G., H. E. Sturm, anp L. M. Matiinson, 
“The reading difficulty of textbooks in high school physics,” 
Sci. Educ., 36, 19-23. 
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twenty-two such textbooks, all of which were used in 
this investigation. Since analysis of all the textual 
material in all the textbooks was impractical, a modifi- 
cation of the sampling technique suggested by Flesch" 
for use with his formula was employed. 

It was decided to select from each textbook one 
sample passage for each one hundred pages or fraction 
thereof, but not less than five passages from any one 
textbook. 

The number of pages in each textbook was computed 
by counting from the first page designated by an Arabic 
numeral to the last page of the last chapter. Pages 
upon which were found chapter endings, supplementary 
activities, and questions were included in the count. 
Pages upon which were found indexes, glossaries, and 
tables of contents were excluded. 

The number of pages in each textbook was then di- 
vided by the number of samples to be taken from the 
book. In this way each textbook was divided into 
sections of an equal number of pages. A page was then 
selected from each of the sections by using a table of 
random numbers. 

A one-hundred-word sample was taken from each 
page thus selected by counting from the first word of the 
first new paragraph on that paye. If the page con- 
tained no reading material, the sample was selected 
from the next page that did. Legends under illus- 
trations on these pages were disregarded. These 
samples were then analyzed by use of the Flesch for- 
mula. 

The Flesch formula takes cognizance of the number of 
words in the sentences found in the sample passages, 
the number of personal references (we, they, etc.) in the 
passages, and the number of affixes and suffixes (sylla- 
bification) to the words. These various aspects of 
sentence structure are measured in each of the one- 
hundred-word samples and are translated into a read- 
ing-difficulty score by means of the formula. The 
reading-difficulty score is converted, in turn, into a 
grade-level value of reading difficulty. The conversion 
is made by using Table 1. 


TABLE | 
Grade Levels of to Reading-Difficulty 
res* 


Reading- 

difficulty Description Grade level 
score of style of difficulty 
0-1 Very easy Grade IV completed 
1-2 Easy Grade V completed 


Grade VI completed 
Grade VII or VIII 
Two years of high school 
5-6 Difficult High school and some college 
6andup Very difficult College completed 


@ Flesch, Rudolf, op. cit., p. 205. 


4-5 Fairly difficult 


Table 2 lists the following information for the text- 
books designed for chemistry: (1) the textbook pub- 
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lishers (designated by the letters A, B, C, ete.); (2) the 
reading-difficulty scores of the samples taken from the 
textbooks; (3) the average reading-difficulty score for 
each textbook; and (4) the grade level of difficulty for 
each textbook. 

A survey of the data in Table 2 indicates that the 
levels of reading difficulty of the textbooks for chemistry 
vary greatly. But there is no evidence in these tables 
to indicate that the differences between the levels of 
difficulty of the easiest and the most difficult textbooks 
are significant. Hence, it was decided to compute the 
significances of the differences between the levels of 
reading difficulty of the easiest and the most difficult 
textbooks. 

The textbooks were classified into four groups ac- 
cording to ascending order of difficulty. The first 
group consists of the five “easiest”? books; the second 
group, of the next six with respect to difficulty; the 
third group, the next six; and the fourth group, of the 
five most difficult. Significances of differences were 
then computed between various groups. The statisti- 
cal device employed was Fisher’s ¢ cited by Guilford.” 
Table 3 lists the significances of the differences com- 
puted in the manner just stated. 

Any conclusions listed herein must be evaluated in 
the light of several factors. Among them are the 
following: 

1. Many students are below average in reading 
ability. Hence, for any particular grade level, the 
reading difficulty of the textbooks should be below 
that of the grade in order to be suitabie for these stu- 
dents. 

2. The course in chemistry is designed usually for 
students at the XI or XII grade levels. 

In view of these factors and in so far as the techniques 
used in this study may be valid, the following conclu- 
sions seem defensible: 

1. The data in Table 2 indicate clearly that the 
levels of reading difficulty of the passages within the 
separate textbooks vary greatly. The easiest passage 
in the textbook of Publisher R has a grade level of 
difficulty of Grade VII; the most difficult passage, of 
college level. The easiest passage in the textbook of 
Publisher T has a grade level of difficulty of Grade VII; 
the most difficult, of college completed. If these two 
are representative of the variation of levels within a 
textbook, it is clear that in any textbook some passages 
are not likely to cause difficulty for any of the students 
for whom they are designed, but that other passages 
are likely to cause difficulty for all students for whom 
they are designed. 

It is therefore clear that the average reading-difficulty 
score for a textbook may be somewhat misleading. 
Some textbooks that have many extremely difficult 
passages may be balanced by some very easy ones. 

2. The grade levels of difficulty of textbooks in 
chemistry vary greatly. The easiest textbook has an 
average level of reading difficulty of Grade VIII. _ Itiis 


11 Frescu, Rupotr, “The Art of Plain Talk,” Harper and 
Bros., New York, 1946, p. 197. 


12 Joy P., “Psychometric Methods,” McGraw-Hill 
Book Co., Inc., New York, 1936, p. 61-62. 
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TABLE 2 
Levels of Reading Difficulty of Textbooks for High-School Chemistry 

Average 

reading- Grade 
Pub- Reading-difficulty score for sample difficulty level of 
lisher 1 2 8 4 5 6 7 8 score* difficulty? 
A 3.64 4.15 3.91 3.18 3.63 3.23 _— —~ 3.623 VIII 
B 3.70 4.57 3.18 3.82 3.17 2.64 3.18 5.03 3.661 VIII 
c 3.52 4.03 3.49 4.91 2.97 3.49 3.65 — 3.724 VIII completed 
D 3.86 5.23 4.22 3.44 3.69 2.23 3.69 — 3.766 VIII completed 
E 3.19 3.76 3.11 3.84 4.62 4.45 — om 3.828 VIII completed 
F 2.92 4.74 4.36 4.33 5.02 4.09 3.76 — 3.888 VIII completed 
G 3.98 3.71 3.97 3.64 5.03 4.34 4.111 
H 4.76 4.65 4.23 3.45 3.57 _ — _ 4.132 IX 
I 3.76 4.42 4.68 3.52 4.35 4.23 4.81 — 4.253 IX completed 
J 5.41 3.65 3.63 4.92 3.57 3.97 4.80 4.16 4.264 IX completed 
K 3.82 4.29 4.12 3.69 6.39 3.43 -— — 4.290 IX completed 
L 4.91 3.80 3.22 5.73 3.55 3.76 — — 4.328 IX completed 
M 3.70 3.38 3.99 4.45 5.35 5.10 4.55 —_ 4.360 IX completed 
N 4.91 3.70 3.64 4.67 5.36 — — -- 4.456 IX completed 
O 4.36 5.62 4.12 4.35 4.34 3.78 4.70 — 4.467 IX completed 
ar 4.78 5.36 3.71 4.77 3.79 — — — 4.482 IX completed 
Q 5.53 5.88 5.00 4.25 3.86 3.94 3.73 —_ 4.584 ».¢ 
R 3.19 5.11 5.62 4.77 4.31 4.57 4.62 —_ 4.599 xX 
8 4.80 5.21 5.75 4.91 4.20 3.91 3.96 — 4.677 . xX 
7 3.76 4.25 6.31 3.23 5.23 5.62 6.06 4.19 4.831 X completed 
U 3.75 4.54 4.87 5.78 5.86 — —— — 4.960 X completed 
V 4.78 5.06 5.22 5.88 5.56 — -- — 5.300 High school 

completed 


* The average reading—difficulty score for all textbooks for chemistry is 4.327, which is equivalent to a grade level of difficulty of 


about the sophomore level of high school. 


> Grade levels of difficulty were computed by using data in Table 1. 


unlikely that this textbook will prove difficult for many 
students likely to be enrolled in chemistry, that is, 
students in Grades XI or XII. 

The most difficult textbook with an average level of 
reading difficulty of high school completed is likely to be 
difficult for all but the very superior students. In fact, 
the next five textbooks in difficulty are likely to be 
difficult for many of the students likely to be enrolled in 
the course. 

3. As compared with textbooks of physics, text- 
books of chemistry that are designed for students of the 
same grades vary less in range of reading difficulty. As 
a group, the average levels of reading difficulty of 
textbooks of chemistry range from Grade VIII to high 
school completed. Those for physics range from Grade 
VII to college completed. 

4. As with the other textbooks of science that were 
analyzed, the earlier passages in chemistry textbooks 
do not seem to be consistently lower in level of reading 
difficulty than the later passages. Hence, no provision 
seems to be apparent for growth of reading ability 
during the year in which the books are used. 


5. Table 3 indicates that the books tend to fall into 
three categories with respect to reading difficulty. 
The easiest quarter (five textbooks) is significantly less 
difficult than the middle half (twelve textbooks). The 
middle half is significantly less difficult than the most 
difficult quarter (five textbooks). 

6. It seems reasonable to state from the conclusions 
already listed that the differences found make level 
of reading difficulty a valid criterion for use in the 
selection of a textbook. 

7. In view of the findings of this investigation, it 
may be stated that textbooks of chemistry as a group 
are not likely to be as difficult for the students for 
whom they are designed as are textbooks in other fields 
of science. However, those in the most difficult group 
are likely to cause difficulty for the less able students in 
chemistry. But, the most popular chemistry text- 
books are found in the easiest and middle groups with 
respect to reading difficulty. Hence the reading 
difficulty of the popular textbooks in the field of chem- 
istry is not likely to discourage students from enrolling 
in chemistry. 


TABLE 3 
Significances of Differences between Various Levels of Difficulty of Chemistry Textbooks 
Groups Mean Standard error Probability 
compared difference of difference "" level Interpretation 
1 and 2 0.49 0.154 3.18 P <0.01 Very significant 
2 and 3 0.21 0.161 1.30 P>0.05 Not significant 
3 and 4 0.42 0.189 2.22 0.05 > P>0.01 Significant 
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Tux 14th Summer Conference of the New England 
Association of Chemistry Teachers met August 18-23 at 
the University of Vermont at Burlington, with William 
F. Ehret and Marco Scheer as Co-Chairmen. The new 
President of the University, Carl W. Borgmann, wel- 
comed the Conference to the campus and called the at- 
tention of the group to the fact that he is a former chem- 
ist himself. There were 275 registrants at the 14th 
Summer Conference, of whom about one-third were 
from outside of New England. Besides the New 
Englanders present, this year there were registrants 
from the States of Washington, Kentucky, Ohio, 
Illinois, Maryland, Pennsylvania, New York, New 
Jersey, and Virginia, and from Washington, D. C. and 
the Province of Quebec. 

In addition to the papers presented by speakers from 
several colleges and industries, two symposia were pre- 
sented. The first was an all-day session led by Dr. 
John H. Harley, Chief of the Analytical Branch, Health 
and Safety Division of the New York Operations Office 
of the U. S. Atomic Commission, on “The Use of Avail- 
able Radioisotopes in the Teaching of General Chem- 
istry.” A number of demonstrations were given, 
which will be presented in detail in the NEACT News- 
letter. 

The second symposium entitled ‘The Evaluation of 
Laboratory Work in General Chemistry’’ was con- 
ducted by Professors Arnold J. Currier, Pennsylvania 
State College, Andrew J. Scarlett, Dartmouth College, 
and Carl P. Swinnerton, Pomfret School. 


Leonard Foley of the Manchester Central High 
School, Manchester, New Hampshire, headed the Ex- 
hibit Committee. New books from several publishing 
houses and apparatus from various dealers and makers 
of glassware made up a colorful and useful exhibit. 
Ralph DiMattia, Grover Cleveland School, Dorchester, 
Massachusetts, again had charge of the motion pictures 
which were shown just before the evening sessions. 

The social hours that followed the evening meetings 
were held in the Fleming Museum of the University of 
Vermont. One of the highlights of the social hours was 
a military whist which made it easy for people to be- 
come acquainted with each other. The Wednesday 
picnic was an elegant chicken barbecue, held at the 
Poultry Division of the University in sight of large, 
lively flocks of still unbarbecued brothers and sisters. 


ADJOURNED ANNUAL MEETING, AUGUST 22, 1952 


The adjourned annual meeting of the NEACT 
was convened at 11:30 a.m. by the President, Dorothy 
W. Gifford. 

The Treasurer’s report was presented. An abridged 
statement follows: 


Expenses for the year.............. $2021.40 

$1447.21 
New balance June 30, 1952. ..................00. 1385.24 
61.97 
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DECEMBER, 1952 


Leallyn B. Clapp, Secretary, reported that three new 
members had joined after the May meeting: 


Samuel E. Q. Ashley, T A P Lab., General Electric Co., 100 
Woodlawn Avenue, Pittsfield, Massachusetts. 
William S. Coley, 66 Washington Terrace, Bridgeport, Con- 


necticut. 
Leigh C. Van Etten, Kents Hill School, Kents Hill, Maine. 


At the 14th Summer Conference the following new 
members were welcomed into the Association: 


Arnold I. Beck, Adelphi College, Garden City, New York. 

James S. Bennett, 11 Bonair Avenue, Newington, Connecticut 
(Chairman, Chemistry Department, Hillyer College, Hart- 
ford). 

Anne T. Caswell, Milwaukee-Downer College, Milwaukee 11, 
Wisconsin. 

Ralph E. Cullmann, 225 North First Street, Bellingham, Wash- 
ington (Assistant Professor of Physical Science, Western Wash- 
ington College of Education). 

Paul R. Doe, 12 Kendall Street, Rochester, New Hampshire 
(Spaulding High School). 

T. M. Gorski, Alliance College, Cambridge Springs, Pennsyl- 
vania. 

Roy I. Grady, 1753 Burbank Road, Wooster, Ohio. 

G. G. Hawley, Reinhold Publishing Company, 330 West 42nd 
Street, New York 36, New York. 

Durward Holman, Ocean House Road, Cape Elizabeth, Maine 
(Cape Elizabeth High School). 

Joseph H. Klein, Box 286 R T I, Gambrills, Mary!and (Assistant 
Professor, U. 8S. Naval Academy, Annapolis). 

Harry F. Lewis, Institute of Paper Chemistry, Appleton, Wis- 
consin. 

Ruth Lindquist, Lasell Junior College, Auburndale, Massachu- 
setts. 

Daniel P. Nolan, 805 Fairmont Street, Latrobe, Pennsylvania 
(Head of Chemistry Department, St. Vincent College, La- 
trobe). 

Peter Richardson, Pomfret School, Pomfret, Connecticut. 

Orville W. Rallins, Box 210, Arnold, Maryland (Assistant Pro- 
fessor of Chemi»iry, U. S. Naval Academy, Annapolis). 
Stephen George Romaine, 102 Tredeau Street, Hartford 14, 
Connecticut (Ellsworth Memorial High School, South Wind- 

sor, Connecticut). 

Richard L. Saville, Box 6, Interlaken, Massachusetts (Williams 
High School, Stockbridge). 

John J. Sheehan, Jr., 18 Catalpa Road, Norwood, Massachusetts. 

Moddie D. Taylor, Howard University, Washington, D. C. 

Harry Wessels, 55 Winthrop Street, New Britain, Connecticut 
(Principal, Nathan Hale High School). 

Mary L. Willard, 363 Ridge Avenue, State College, Pennsylvania 
(Professor of Chemistry, Pennsylvania State College). 

Roberta Whitnah, Murray State College, Murray, Kentucky. 

Louise Willis, Pittsford, Vermont (Head of Science Department, 
Pittsford High School). 


The Secretary reported the membership on July Ist 
at 521. Total for the year 535, with 12 resignations and 
2deaths. Twenty-one new members joined at the 14th 
Conference, raising the total to 542. 

President Gifford presented an engrossed certificate 
of Honorary Membership to Eva M. Ruggli. 

S. Walter Hoyt reported on the deaths of Arthur B. 
Lamb and Leslie O. Johnson, and presented the obitu- 
aries printed at the end of this Report. 

President Gifford announced that the University of 
Massachusetts, Amherst, Massachusetts, had invited 
the NEACT to hold the 15th Summer Conference 
there next August, subject to final confirmation in 
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September. John Cavelti, Allegheny College, and Guy 
Burrill, Keene (New Hampshire) High School, are to be 
Co-Chairmen for the Conference. 

President Gifford announced that she planned to ap- 
point three subcommittees of the Chemical Education 
Committee, for the purpose of undertaking the follow- 
ing studies: 


1. Criteria for judging science fairs 

2. Chemistry syllabus to serve as a guide for prospective 
nursing school students 

3. Revision of the chemistry syllabus for College Board Ex- 
aminations 


Alfred Lincoln presented a resolution which was 
unanimously adopted, recognizing the vision of the 
founder of the Summer Conferences, namely, Elbert C. 
Weaver. It was appropriate at this time inasmuch as 
the first summer conference, in 1939, was also held at 
the University of Vermont. 

The following members have attended all 14 summer 
conferences: 


Mr. and Mrs. Grover C. Greenwood, Bridgeport, Con- 
necticut. 

Mr. and Mrs. 8. Walter Hoyt, Belmont, Massachu- 
setts. 

Alfred R. Lincoln, Springfield, Massachusetts. 

Evelyn S. Murdock, Stonington, Connecticut. 

Elsie 8. Scott, East Northfield, Massachusetts. 

John R. Suydam, Boston, Massachusetts. 

Elbert C. Weaver, Andover, Massachusetts. 


A vote of thanks was authorized to the University of 
Vermont for the use of its facilities at the Conference, 
and a vote of appreciation to the Conference Committee 
for making the 14th Summer Conference possible. 


NEACT MEETINGS SCHEDULED, 1952-53 


The following meetings were announced by the 

Executive Committee: 

October 18, 1952, St. Paul’s School, Concord, New Hampshire. 
(Joint meeting with Eastern Association of Physics Teachers) 

December 13, 1952, Boston College, Chestnut Hill, Massachu- 
setts. 
(Joint meeting with Eastern Association of Physics Teachers 
and New England Biological Association, held in conjunction 
with the New England Association of Secondary Schools and 
Colleges) 

February 14, 1953, Mary C. Wheeler School, Providence, Rhode 
Island. 

April 12, 1953, Teachers College of Connecticut, New Britain, 
Connecticut. 

May 9, 1953, Regis College, Weston, Massachusetts. 
Meeting) 

15th Summer Conference, August 17-21, 1953, University of 
Massachusetts, Amherst, Massachusetts. 


(Annual 


NECROLOGY 


Artuur Becxet Lams. The necrology committee regrets to 
report the death on May 15, 1952, of Arthur Becket Lamb, Erv- 
ing Professor of Chemistry, Emeritus, at Harvard University. 
Dr. Lamb died suddenly on his way home from his laboratory. 
Dr. Lamb’s Brookline, Massachusetts, residence was at 121 Col- 
burne Cresent. 

Dr. Lamb had been a member of the New England Association 
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of Chemistry Teachers since 1913, except for the period 1918-21, 
and on August 25, 1950, was elected an Honorary Member. On 
receipt of his honorary membership certificate Dr. Lamb wrote 
to President Helen Crawley as follows: “I want to express my 
appreciation of the splendid certificate of honorary membership 
that you recently sent me. It is beautifully executed and bound 
and will always be one of my treasured possessions.”’ 

The following is a brief summary of his career: 

He was born in Attleboro, Massachusetts, on February 25, 
1880, and was graduated from the local high school, entering 
Tufts College from which he was graduated in 1900 with the 
degree of A.B. and A.M. In 1904 he took his Ph.D. degree and, 
was awarded his D.Sci. (hon.) by Tufts College in 1922. 

His teaching career, is as follows: 


Instructor of Chemistry, Tufts College, 1901-02. 

Instructor of Physical Chemistry, Harvard University, 1905- 
06. 

Assistant Professor, Associate Professor, and Professor of 
Chemistry, New York University, 1907-12. 

Assistant Professor and Professor of Chemistry, Harvard Uni- 
versity, 1912-20 and 1920-48. 

Dean of the Graduate School, Arts and Sciences, Harvard 
University, 1940-43. 


His war record is as follows: 


Director: Fixed Nitrogen Laboratory, Washington, 1919-21. 

Lieut. Colonel: Research Division, Chemical Warfare Service, 
Washington, 1918-19. 

In charge of Defense Chemical Research during World War I. 


JOURNAL OF CHEMICAL EDUCATION 


For 32 years, beginning with 1917, he was Editor of the Journg| 
of the American Chemical Society and served as President of the 
American Chemical Society in 1933. He was the recipient of the 
Nichols Metal in 1943, the Ballon Metal of Tufts College in 
1944, and the Priestley Medal in 1949. 


Lesuie O. Jonnson. The necrology committee regrets to re. 
port the death on July 22, 1952, of Leslie O. Johnson. While ong 
motor trip to Canada with his wife, Mr. Johnson was stricken with 
a fatal heart attack at Jackman, Maine. 

A former president of the New England Association of Chem. 
istry Teachers, Leslie O. Johnson recruited and organized its 
Western Division during the Reconstruction Drive of 1921, and 
became the first chairman of this division. 

After graduation from Amherst College in 1915 he taught 
science in Waterloo, New York; Brattleboro, Vermont; Wel- 
lesley, Massachusetts; Malden, Massachusetts; and New Haven, 
Connecticut. In 1925, he became principal of the Rutland, 
Vermont, Figh School and in 1931, came to Gloucester, Massa- 
chusetts, as principal of the High School where he served until 
1951. Last year he was made superintendent of the Gloucester 
schools. 

He leaves his wife, the former Ethel K. Fowler of Malden, one 
daughter, Elspeth Burnett (Mrs. William A. Publicover, Jr.), 
his mother, Mrs. George Johnson of Melrose, and one sister, 
His uncle, William W. Obear, is a past-president of the New Eng- 
land Association of Chemistry Teachers. 


S. Wa.rer Hoyt 
President, Necrology Committee 


To the Editor: 


A colleague of mine, meeting up with a practical 
problem, consulted me for a solution. I found the 
problem not altogether as simple as it appears. Further, 
it comes more immediately within the chemist’s domain, 
so I consulted a couple of chemists. They were sensibly 
hard-put! With these experiences it occurred to me 
that your readers might have an interest in it. 

A certain brand of baby-oil comes in large 12-oz. 
bottles and small 4-oz. bottles. The larger is more 
economical but the smaller bottle is easier to handle. 


Both bottles are equipped with small orifices in the 
neck of the bottle so that the oil comes out in drops 
by shaking the bottle as one would do, say, with hair- 
tonic. The oil will not run freely however the bottle 
is held, nor will it come out even in drops unless the 
bottle is shaken. If, now, we have a large bottle full 
of oil and a small one empty, how can the oil be readily 
transferred from the large bottle to the small one? 
The problem is to produce steady flow with no losses. 


JuLius SUMNER MILLER 


UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 
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Film Reviews 


e LIQUIDS 


Description: 16 mm., sound, 10 min. 

Producer: American Film Registry 

Reviewers: (A) J. H. Shroyer, Bradley University 
(B) John L. Biester, Beloit College 


Possible Utility: (A) ““My recommendation would be that this 
film is definitely worth while for superior high-school students 
and first year college groups. It certainly should not be offered 
to seniors studying physical chemistry.” (B) ‘This film could 
be used as a point of departure in discussions of liquids particu- 
larly in high-school physics classes. It might be of help in col- 
lege courses designed for the general student who may be quite 
unfamiliar with the phenomena illustrated. However, I would 
not recommend the film for most college chemistry courses.”’ 

Film Content: (A) ‘‘Treats qualitatively the following topics: 
surface films, viscosity of liquids, adhesion and cohesion in liq- 
uids. These topics are given a short apimated presentation 
followed by actual photographed demonstrations, some of which 
are very good and not usually mentioned in college general chem- 
istry texts. There is an extensive group on bubbles and liquid 
jet behavior.” (B) “...using water as the example. The prin- 
ciples underlying the phenomena illustrated are not considered.” 

General Criticism and Rating: (A) ‘The film has merit and 
meets the test of general accuracy. It gives the impression of 
having added something new to the student’s knowledge; for 
example, that two jets do not fuse until brought into contact by 
the static charge carried by a stick of sealing wax. This fact, 
however, was not sufficiently developed in my estimation.” 
(B) “It should be pointed out that at least on the print reviewed, 
many of the scenes were difficult to follow because photography 
appeared to be poor. This might also be due to extensive cut- 
ting of the film over a period of use.”’ 

Suggestions for Improvement: (A) “Realizing that I am expres- 
sing just one opinion, may I suggest: 

“(1) Abolition of opening a film with beautiful scenery shots 
which always suggests to the student, ‘Now relax while we enter- 
tain you.’ 

“(2) Introduction of a quantitative aspect such as an equa- 
tion or two, perhaps the one for viscosity, and detailing something 
of its terms and its overal! significance. 

“(3) In general, I find that most films tend to treat the sub- 
ject less rigorously than we do in class work. Should not the 


film endeavor to elucidate some of the more obscure but impor- 
tant aspects of the subject that give the student some difficulty?” 


a NEW WORLD THROUGH CHEMISTRY 


Description: 16 mm., sound-color, 20 min. 
Producer: du Pont Co. 


Reviewers: (A) C. W. Keenan, University of Tennessee 
(B) M. D. Peterson, Vanderbilt University 


Possible Utility: (A) ‘‘The chemistry involved...is so de- 
emphasized that the film is poorly suited for any specific chemistry 
course, even a survey-type course.” (B) “...it is of no value to 
teachers of chemistry at any level.” 

(A) “The film could be suitable for a course in customer rela- 
tions, general salesmanship, or for giving a very glossy picture of 
what chemistry and engineering can do to change crude raw 
materials into more useful products.’”’ (B) “It is solely adver- 
tising, aimed at nontechnical audiences.” 

Film Content: (A) ‘This film gives a salesman’s view of the 
manufacture and use of modern plastics from the raw materials 
to the finished products. Color scenes of mining, machinery, and 
spinning precede scenes showing various products of modern 
du Pont polymers and their uses.” (B) ‘The film shows very 
brief flashes in plant and laboratory of manufacturing and test- 
ing steps for a few products, without any adequate explanation 
of what is being shown, followed by long demonstrations by lovely 
models of neoprene, lucite, rayon, and nylon articles, in rooms of 
‘Hollywood’ splendor.” 

General Criticism and Rating: (A) ‘‘The film is described in 
semitechnical terms, little attempt being made to distinguish 
chemically between neoprene, chloroprene, and kerosene or 
zelan, viscose, cellulose, nylon, and lucite. Even in telling about 
the uses of the plastic products the film avoids anything techni- 
cal.... The film is not inaccurate, but it is not very informative. 
There did seem to be a lapse in continuity at one point where 
neoprene and cellulose-derived products were shown together 
subsequent to a description of the manufacture of neoprene.” 

Suggestions for Improvement: (A) “. . .the film would have to be 
completely redone and oriented toward the chemistry of polymers 
to be of real value. Many of the shots of polymerizations, ex- 
trusions, and combustions could be used and interspersed with 
diagrams clarifying the chemical reactions which take place.” 


a FIRST YEAR COLLEGE CHEMISTRY 


John W. Barker, Professor of Chemistry, Wittenberg College, 
and Paul K. Glasoe, Professor of Chemistry, Carthage College. 
McGraw-Hill Book Co., Inc., New York, 1951. x + 501 pp. 
Illustrated. 16 X 23.5cm. $5. 


Tuts is a new book of many virtues and some weaknesses. 
It is written primarily for the student who will take additional 
chemistry, rather than for the terminal student. ‘This text is 
designed to provide the foundation of encyclopedic fact and 
underlying principles upon which a student can predicate further 


work in chemistry or allied fields.’”’ (Quoted from jacket.) It 
is designed for a full year. course, and closes with 20 pages of 
organic chemistry and a short final chapter entitled: So You 
Want to be a Chemist? In general the approach, selection and 
arrangement of material are quite traditional. It has been boiled 
down to 481 pages of text, not so much through elimination of 
topics as through general contraction of the usual topics. 

Repetition is skillfully used to clinch concepts introduced 
earlier, and only occasionally (cf. Haber process, pages 236-7, 
287-8) does the repetition become too obvious. 

The apparent aim of keeping discussions on a simple plane in 
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the earlier chapters sometimes results in categorical statements 
where more reasoning would be helpful. For example, on page 
19 the physical properties of covalent compounds and electro- 
valent compounds are contrasted, but reasons for the differences 
are not discussed. The attempt to be straightforward and to 
preserve simplicity backfires in an occdsional instance. Thus, 
on page 74 directions are given for balancing oxidation-reduction 
equations. The third rule states: “If the net charges on the two 
sides of the equation are not equal after the equalization of total 
oxidation and total reduction, they are equalized by adding either 
H;0+* or OH-, as needed, to the ieft side of the equation.’’ (But 
later equations sometimes need the H;O+ or OH~ on the south 
side instead of on the north side.) 

The Bronsted definition of acids and bases is the only one given. 
Hydrogen ion is consistently written as H;0*, but with few excep- 
tions it is the only cation written in hydrated form, and the as- 
sociated nature of water is barely mentioned. 

Atomic structure is introduced early, but (as in many texts) 
is not made the powerful tool it could be. Some use is made of 
atomic radii, but the concept of kernel charge is never mentioned. 
The scre 1ing effect of electrons in underlying shells is ignored. 
Page 7.1, for example, states: “In the smal] lithium atom the 
electron is relatively strongly held by the nucleus, although the 
nuclear charge is only 3+. On the other hand, the cesium atom 
has a nuclear change of 55+-, but the greater distance between 
the nucleus and the valence electron overbalances the charge 
effect, and the single electron is more readily lost; 7. e., cesium 
is more reactive.”’ 

This text makes consistent use of ionic equations for 
ionic reactions. It frequently uses half-reactions. Oxida- 
tion-reduction equations are sometimes balanced through a 
half-reaction and electron transfer approach, but more commonly 
they are balanced (without the mention of electrons) by the ‘‘oxi- 
dation-number-change’’ method. 

The book contains many excellent problems. Many are in 
context in the body of the chapter, usually with answers provided. 
Additional exercises, usually without answers, are placed at the 
ends of most chapters. 

Illustrative calculations commonly use ratio and proportion. 
Gas-law calculations are usually demonstrated by multiplying 
an origina] quantity by ratios of temperatures, pressures, etc. 
In an attempt to adapt the text to various types of students, 
most of the chapters are divided into two sections. “In the first 
part, the continuum of concepts is developed. In the second 
part of the chapter are addenda, indexed in the first part of the 
chapter, which give historical background, additional factual 
information or advanced topics of related and special interest.”’ 
(Quoted from jacket.) In the opinion of the reviewer, this plan 
proves disadvantageous here. The continua] thumbing back 
and forth is inconvenient, time consuming and irritating. The 
addenda are printed in small type, and if they were thus inserted 
in the appropriate places in the body of the chapter, they could 
still be omitted by some students. This arrangement would take 
no more space, and would avoid inconveniencing those students 
who study the entire chapter. 

The book is well indexed, and is practically free from typo- 
graphical errors, but it has its full quota of errors of fact and inter- 
pretation. (Examples: Page 239 states: “Among the common 
metals, Zn**+, Cd*++, Fet+,. . . form ammonia complex ions.”’ 
Molecules of NaCl, Na,O (page 15), Na2S.O; (page 162), calcium 
carbonate and calcium oxide (page 165) are spoken of. Page 11 
says: ‘The distance separating the two bodies (of which a hydro- 
gen atom is composed) is so great relative to their sizes that the 
electron does not fall in to the proton and neutralize it.’’ In 
discussing the cyclotron, page 444 states: “The magnet forces 
the proton away from the center.’’ Page 461 says: ‘Recently 
proposals have been made to set fire to abandoned coal mines 


lighter hydrocarbons. ‘These could then be used in gasoline manu- 
facture.’’ (Italics ours.) Occasionally a technical term is used 
before it is defined. 

In premeditated style, the book often uses singular verbs with 
plural subjects. ‘Three liters of a gas weighs 5.3 grams’’ (page 


and collect the gases which would contain a large percentage of the. 
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6). “To melt each gram of ice, 80 cal is required’’ (page 185), 
“How many calories is required to change 20 g of liquid water, , .2” 
(page 186). In such usage the book is of course in distinguished 
company. 


WILLIAM E. MORRELL 
University oF ILLINOIS 
Ursana, ILLINOIS 


a QUANTITATIVE CHEMICAL ANALYSIS 


Charles W. Foulk, Professor Emeritus of Chemistry, Harvey V, 
Moyer, Professor of Chemistry, and William M. MacNevin, 
Professor of Chemistry, Ohio State University. First edition, 
McGraw-Hill Book Co., Inc., New York, 1952. ix + 484 pp. 
98 figs. 40 tables. 16 X 23.5cm. $5. 


Tuis excellent text will appeal not only to teachers and students 
of analytical chemistry but to other chemists as well, Recent 
progress in the teaching of quantitative analysis is appropriately 
reflected in this book which aims to ‘‘develop in the student an 
understanding of the science of chemical measurement.’’ The 
lucid and thorough explanations of the basic and elemental theory 
of analytical chemistry deserve unstinted praise. The skill with 
which the subject matter is brought to the level of the under- 
graduate is exceptional. 

The design, calibration, and care of apparatus are well covered, 
Many valuable points of technique are explained in a thoroughly 
practical manner. The actual laboratory exercises, about 48 in 
all, are given together after most of the theory has been discussed, 
The relative order, (1) gravimetric analysis (2) volumetric analy- 
sis, may easily be altered by the instructor if desired. It is very 
reassuring to have the authors state that “the procedures have 
been used by a very large number of students over many years 
and are known to be workable and reliable.’””’ While the princi- 
pal stress is still on classical chemical methods the increased em- 
phasis on instrumental methods seems entirely appropriate. The 
excellent selection of instrumental methods and careful explana- 
tion of the same may be taken as a measure of the emphasis which 
the authors propose on this part of the subject in an elementary 
course and an indication of the modern trend in this direction. 
The fact that applicable theory must often be sought in an earlier 
portion of the text presents no serious obstacle. In fact, accord- 
ing to Doctor Foulk this arrangement results in a pedagogical 
advantage. 

A well-written chapter on The Chemical Balance and Its Use 
and oneon Errors and Statistical Methods in Chemical] Analysis are 
included. The incorporation of many well devised problems, over 
two hundred in all with answers, greatly increases the usefulness 
of the text. The valuable material in the appendices concerning 
Materials for Lecture Demonstrations, Derivation of the Nernst 
Equation, The Sign of Electrode Potentials, efc. along with 
several useful tables should not be overlooked. The paper print- 
ing and binding are of good grade and suited for practical use. 
The illustrations are in general excellent. Only a few misprints 
were noticed. 

Looking in the direction of an ideal text for the chemistry major 
the reviewer submits the following suggestions: (1) Add two or 
three laboratory exercises involving single gravimetric determina- 
tions such as the determination of silver in an alloy, phosphorus 
pentoxide in a phosphate mixture, sulfur in an insoluble sulfide. 
(2) Expand the discussion of specific chemical errors, interfering 
substances and applications in connection with all the more im- 
portant determinations. (3) Near the end of Chapter XII on 
Solutions of Acids, Bases and Salts explain the titration of a salt 
of a very weak acid, a salt of a very weak base, a polybasic acid 
such as phosphoric. Include appropriate titration curves. (4) 


Explain in greater detail the use of alternative reagents other than 
stannous chloride for the reduction of ferric iron prior to titration. 
(5) Discuss at greater length the standardization of permanganate 
on arsenic trioxide. (6) Include one laboratory exercise on the 
volumetric determination of iron by means of permanganate. (7) 
List a number of oxidizing agents that can be determined by 
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reaction with excess potassium iodide and titration with standard 
thiosulfate. (8) Add one chapter on the theory of physical and 
chemical methods of separation including organic reagents. (9) 
Discuss in some detail the general application of methods studied 
to the analysis of alloys, insoluble silicates and complex sulfides. 
(10) Increase the number of assignable problems to at least three 
hundred and thus provide more drill on (a) equivalents and 
change of equivalents in volumetric oxidation and reduction, 
volumetric precipitation, and volumetric complex formation; 
(b) applications of the Nernst equation to the calculation of the 
equilibrium constant (K) and of the residual concentrations of 
the reactants; (c) percentage error in volumetric and gravimetric 
analyses resulting from chemical interferences; (d) varied aspects 
of electrolytic analysis; (e) calculation of the chemical formula 
from analytical data; (f) purely chemical questions of a non- 
mathematical character. 

Chemists will look forward to future editions of a text with so 
many valuable features by authors so well qualified. 


Cc. C. MELOCHE 
University OF MiIcHIGAN 
Ann ArBor, MICHIGAN 


) INTRODUCTION TO THE SCIENCE OF CHEMISTRY 


Karol J. Mysels and Charles S. Copeland, both Associate 
Professors of Chemistry, University of Southern California. 
Ginn and Co., Boston, 1952. vi+52lpp. Line drawings. 78 
tables. 17 X 24cm. $4.75. 


Jupaine from the advertising literature mailed to professors of 
chemistry almost daily, one could easily conclude that there are 
about as many freshman-chemistry text books as there are fresh- 
man-chemistry students. In fact, if the word “student” is taken 
literally, some would say that the text books are in the majority. 
What reason, then, could there be for still another text in this 
field? The authors answer with candor that the approach pre- 
sented in this text suits them best; they hope that you too may 
find their approach useful. 

Their approach is certainly different. This text could properly 
be subtitled: ‘“‘An Elementary Introduction to Physical Chemis- 
try for Students not yet Acquainted with Calculus.’’ The first 
graph appears on page 7; the seven allotropic forms of ice are 
discussed in Chapter 3. We find catalysts, for once properly 
defined, on page 169; activated complexes and chain reactions 
are briefly mentioned in the preceding pages. Titration curves, 
X-ray and electron diffraction, and other similar topics are 
treated more thoroughly than usual on other pages. By a liberal 
count, only 16 of the 58 chapters are more or less devoid of physi- 
cal chemistry, and of these, 9 are devoted to organic chemistry. 

Those who prefer to emphasize physical chemistry in an intro- 
ductory course will be pleased with the clarity of presentation and 
the succininess of the arguments used in this text. For example, 
after a thorough preliminary treatment, the authors present 
PV /(273 + t) = k as an empirical fact, tabulating data for hy- 
drogen, neon, and helium to demonstrate the point; further, they 
show by tabulated data that this equation does not apply to 
liquids. Then, by a clear argument of convenience, 7’ is substi- 
tuted for 273 + ¢. In a later chapter, after the consideration of 
Avogadro’s principle, it is demonstrated that k = Rn, where R is 
asimple proportionality constant, whose dimensions deperd upon 
the units used for the other symbols. The awkward equation in- 
volving pressure and temperature correction terms to be applied 
to gas volume never rears its unintelligible head. 

Each chapter is headed by a brief introductory statement and 
epitomized by a summary at the end. The problems after each 
chapter are pertinent and of graded difficulty. Answers are not 
given for any of the problems. 

This text is notable for the absence of the usual historical 
treatment. Aristotle’s name is not maligned; the Galilean myth 


about the Leaning Tower of Pisa, the unequal weights, and the 
dawning of the day of experimental science is, fortunately, not 
repeated here. However, the drama behind Cannizzaro’s pro- 
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nouncement of Avogadro’s principle, the tremendous insight 

ed by such men as Dalton, the eccentricities of Cavendish, 
Kekulé’s fireside dreams, and other similar interesting, not to say 
inspiring, episodes are not even hinted at in this text. The 
authors explain this lack by stating that such incidents can 
neither be properly described nor fully grasped without a great 
deal of preparation. The disagreement between authors and re- 
viewer can be simply stated: Can the facts and principles of 
chemistry be understood and appreciated by a student who knows 
little of the intellectual processes and physical struggles that 
preceded their discovery and formulation? We need men who 
doubt the principles, but not the facts, of our science; and the 
earlier we begin to impart this desired attitude in the training of 
such men, the better. The judicial use of the historical method 
is a great aid to this end. 

Descriptive chemistry organized according to elements in 
groups is not present. The authors have delightfully chosen to 
discuss descriptive chemistry as ord .ed to phenomenon and proc- 
ess. Thus, a single chapter treats of the refining of the common 
metals from their ores. General principles, similarities and differ- 
ences are emphasized to the advantage of the student with no 
total diminution of the usual concepts covered in an elementary 
text. The authors have been very free with actua! examples 
when discussing their phenomena and processes. 

This text contains no clear statement of the Brénsted theory. 
Acids are defined as substances which, when added to water, 
produce an acid solution. Acid solutions are defined as 
sour-tasting liquids which have the ability to turn blue litmus 
red. No reference was found to the concept of stable and un- 
stable n/p ratios in the discussion of radioactivity. The reader 
never gets an answer of any sort to the legitimate question, “Why 
is radioactivity?’ The diagram showing the tracks produced in 
a Wilson cloud chamber is misleading, as is the diagram accom- 
panying the discussion on vapor pressure. 

All in all, if you are looking for a text that is different, and if 
you think that elementary chemistry can best be taught without 
reference to a historical backgroun¢, this text merits your critical 
examination and may earn your approval. 


JAY A. YOUNG 
Kine’s 
Wivkes-Barre, PENNSYLVANIA 


EXPERIMENTAL NUCLEONICS 


Ernst Bleuler, Professor of Physics, Purdue, and George J. 
Goldsmith, Instructor in Physics, Purdue. Rinehart & Co., Inc., 
New York, 1952. xv + 393 pp. IIlustrated. 15.5 X 24 cm. 
$6.50. 


Tuts book consists of an introduction of three chapters on 
Radiation Protection, Laboratory Equipment, and Preparation 
of Sources, followed by three parts entitled General, Chemical, 
and Physical Techniques describing experiments on twenty-four 
different items, ranging from fundamental studies of the Geiger- 
Miiller counter and other detecting devices, through various 
activation and radiochemical techniques and concluding with 
some of the more involved physical phenomena such as coin- 
cidence measurements and cosmic rays. An appendix contains 
the usual constants and tables as well as a statement of radio- 
activity tolerance levels. Adequate author and subject indexes 
are included and a Segré chart of nuclei (1948) is contained in a 
back cover pocket. The book is pleasing in appearance and 
well constructed in matters such as binding, type, headings, 
figures, etc. 

This book is considerably more than a manual of laboratory 
directions, since the directions for each experimental item are 
preceded by a detailed discussion of the principles involved, fre- 
quently occupying several times the space of the actual experi- 
ment. This material cannot anc does not pretend to substitute 
for a first text in the field, but in all cases examined it is thorough 
and well illustrated by figures and tables. The actual experi- 
ments usually begin with a careful list or description of the mate- 
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rials and equipment needed, followed by any preliminary or prepa- 
ration instructions. Then the procedure is given in numbered 
steps and finally instructions are given on the evaluation and 
reporting of the data. References for supplementary informa- 
tion are usually given at the end of each experiment. So far as 
the experience of the reviewer extends, the experimental direc- 
tions are more than adequate and should give manageable 
results, and yet the work is not oversimplified or remote from 
actual practice. 

The part entitled Chemical Techniques contains nine experi- 
ments which, together with material from the preceding general 
section, offer adequate material for instruction of chemists. How- 
ever, some of the descriptive material in the first section might 
be a little beyond the training and experience of the average 
graduate student in chemistry, and is certainly too advanced for 
students in still more remote fields such as biology. Some of the 
experiments require equipment or materials which would be 
available only at a laboratory having a strong research program 
in the field, and like most advanced laboratory books, this one is 
somewhat tied to the particular equipment described. Tue 
experiments offered make excellent use of the natural activities 
and those which can be induced by a small Ra-Be neutron source. 
A few experiments require cyclotron bombardment, and one or 
two require activities distributed by the A.E.C. It would seem 
that the latter source has not been exploited as fully as would 
have been desirable from the viewpoint of institutions without 
a cyclotron or equivalent device. However, such shortcomings 
are almost unavoidable, and have been adequately minimized 
through the variety of the offering, which includes many sig- 
nificant experiments whick can be performed with relatively simple 
facilities. This book should certainly be of great value for either 
formal or informal training in experimental nucleonics. 


RUSSELL R. WILLIAMS, JR. 
University oF NotRE DAME 
Notre Dame, INDIANA 


* PRESSURE-VOLUME-TEMPERATURE RELATIONSHIPS 
OF ORGANIC COMPOUNDS 


Compiled and Developed by Robert R. Dreisbach, The Dow 
Chemical Co., Midland, Michigan. Third edition. Handbook 
Publishers, Inc., Sandusky, Ohio, 1952. xi + 303 pp. 239 
full-page P-T tables and several minor tables. 27 X 21 cm. 
$10. 


OraGANic chemists and chemical engineers may well join with 
the author in acknowledging ‘‘indebtedness to the late Dr. 
Willard H. Dow...for the wonderful way in which he encouraged 
pure research that often did not have any foreseeable commercial 
value.’””? The present volume will never pay in mere book' sales 
revenue for the great outlay which the Dow Company has author- 
ized in the development of tables, charts, and calculation tech- 
niques in the vapor pressure-temperature field. 

The 239 lithographed tables constitute the main body of nu- 
merical data, totaling about 200,000 entries of temperature and 
vapor-pressure values. Preceding these data are examples, fully 
worked out, for 21 types of problems encountered in the handling 
of more or less volatile organic compounds. Foremost in these 
type problems is the one most useful to the organic laboratory 
worker: namely, to find a boiling point at a designated pressure 
when only one P-T value is known— usually the ‘‘normal’’ boiling 
point at 760 mm. 

Although complete precision in solution of such a P-T problem 
is impossible, the Dow group has classified compounds so elabo- 
rately (21 ‘‘Cox-Chart’’ families) that much better results may be 
obtained than are possible from the various logarithmic graphs, 
nomographs, slide rules, algebraic equations, etc., in current use. 
In particular these Dow charts yield decidedly better values than 
the old stock method of plotting log p against 1/7 and assuming 
the validity of a straight-line graph, which ignores variations in 
heat of vaporization. In general, Dreisbach’s data are far more 
dependable than published P-T data for specific compounds found 
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in handbooks, many of which are now known to be highly erro. 
neous. Striking exception to this deprecation of handbook daty 
is seen, however, in the useful Stull tables(Ind. & Eng. Chem. 39,517 
(1947)), which, by the way, also came from the Dow laboratory, 

Chemical engineers will be interested in the other types of 
problems, including estimation of heat of vaporization, compresi- 
bility, dt/dP, equation constants, critical temperature, approxi- 
mate flash point, and vapor pressures at extremely low or high 
temperatures. An example of the elaboration of detail by small 
intervals is seen in the 17 pages devoted to the ‘“‘normal alkyl 
primary amine family,’’ in which over 13,000 boiling points, at 
different pressures, are given for amines boiling normally at — 10° 
to +349° C. 

Aside from chemical research libraries, where this book may be 
considered absolutely essential, it-should be available as a hand- 
book to college students in laboratory courses of advanced syn- 
thetic and qualitative organic chemistry. The reviewer knows 
of no work remotely comparable with this highly creditable, and 
well-printed volume. 


G. ROSS ROBERTSON 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


THE PHOSPHATIDES 


H. Wittcoff, Head, Product Development Section, General Mills 
Research Laboratory, Minneapolis. ACS Monograph No. 112. 
Reinhold Publishing Corp., New York, 1951. xviii + 564 pp. 
16.5 X 23.5cm. $10. 


In contrast to the attention that has been given in recent 
years to the preparation of monographs on the chemistry and 
biochemistry of the carbohydrates and proteins, there have been 
relatively few definitive accounts of the chemistry of the lipides. 
Therefore, Dr. Wittcoff’s monograph, which is devoted to a dis- 
cussion of the chemistry, biochemistry, and technology of the 
phosphatides, will almost certainly be well received. It not only 
provides a modern survey of this segment of lipide chemistry but 
does so in a scholarly and critical manner. It is hoped that in the 
future the chemistry of the cerebrosides, which is not considered 
in the present edition, will be accorded comparable treatment. 

Dr. Wittcoff’s discussion of the phosphatides is divided into 
six parts, z. e., I, The Chemistry of the Phosphatides, 140 pages; 
II, The Analytical Determination of the Phosphatides, 41 pages; 
III, Phosphatides from Plant Sources, 160 pages; IV, Phospha- 
tides from Animal Sources, 81 pages; V, The Biochemistry and 
Physiology of the Phosphatides, 141 pages; and VI, The Indus 
trial Aspects of the Phosphatides, 51 pages. In addition to the 
bibilographies at the end of each part there are provided both 
author and subject indexes. The literature has been covered 
through 1949 and some reference is made to papers appearing in 
1950. 

The author properly opens his treatment of Part I with a dis 
cussion of the nomenclature and classification of the lipides, and 
this excellent and thorough account should be welcomed by all 
teachers of organic chemistry. The statement on page three 
that a purely chemical classification of the lipides is not possible 
is a bit strong and should be modified to limit the statement to 
current ability. Chapter II is devoted to a consideration of 
the structure of lecithin and it is here that the author first reveals 
a sense of humor and a willingness to put nonsense in its prope? 
place. In this excellent chapter, and later in subsequent 
chapters, the author occasionally, but not universally, em- 
ploys the convention of placing a formal positive charge on the 
phosphorus atom present in phosphate esters. While there is 20 
doubt as to the validity of this practice, cf., L. Pauling, J. Am. 
Chem. Soc., 56, 361 (1952), it would have been helpful to com- 
ment upon the basis for this convention and to use it consistently. 
In the third chapter, on the structure of the cephalin phosph# 
tides, the statement made on page 34 in respect to the acylation 
of 8-aminoethanol is awkward, and attention should have bee? 
called to the fact that, depending on the reaction conditions, 
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either O or N acylation can be achieved. In Chapter IV, on the 
structure of sphingomyelin, it should be noted that Carter ef al. 
obtained an optically active a-benzamidostearic acid by the oxi- 
dation of N-benzoylsphingine and not N-benzoylsphingosine, as 
stated on page 41. On page 44 the double bond in the formula 
of nervonic acid is printed incorrectly. The structural formula 
given for betaine in Chapter V, The Structure of the Minor 
Phosphatides, is not acceptable, particularly in view of the au- 
thor’s comments on pages 12-13. On pages 56, 65, and 8%, and 
possibly elsewhere, the authors uses the generic term “galactoli- 
pide.” It is the reviewer’s opinion that because of the possible 
presence of other sugars in these substances the generic term 
“glycolipide”’ is preferable. The statement on page 64 that the 
amino group in “cephalin”’ can be methylated with formaldehyde 
requires explanation since one might also expect hydroxymethyla- 
tion. In the discussion of the synthesis of the phosphatides, 
i.e., Chapter X, the symbols [M]p and Mp are bothused'to indicate 
the molecular rotation. Universal use of the fornter symbol is 
desirable. On page 153 the use of the term methylene dimethy] 
ether as an alternative to methylal is less awkward than the ex- 
pression used, 7. e. the formal of methyl alcohol. The discussion 
in Chapter XII, Determination of Individual Phosphatides and 
Related Compounds, is excellent; however, the lack of any men- 
tion of the use of frontal analysis for the analysis of fatty acid 
mixtures was somewhat disappointing since this technic is prob- 
ably one of the most useful for this purpose. 

It is the reviewer’s opinion that Dr. Wittcoff’s book is an out- 
standing one and there is little doubt that it will be regarded as 
indispensable to those whose interest may, from time to time, 
require them to become familiar with some phase of the chemistry 
of the phospholipides. In fact with the availability of this book 
and that of Hilditch, ‘“‘The Chemical Constitution of the Natu- 
ral Fats,” (cf. J. Coem. Epuc., 26, 53 (1949)) it can be said that a 
modern treatment of a considerable segment of the chemistry of 
the lipides is available to both the student and the investigator. 


CARL NIEMANN 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 


e PROGRESS IN ORGANIC CHEMISTRY. VOLUME I 


Edited by J. W. Cook, Regius Professor of Chemistry, University 
of Glasgow and Fellow of University College, London. Academic 
Press, Inc., New York, 1952. viii + 287 pp. [IIlustrated. 16 xX 
25.5 cm. $7.80. 


THE stated objective of this volume, written primarily for re- 
search workers and advanced students, is to present in a concise 
but adequate form description of recent developments in selected 
fields of organic chemistry. The eight subjects discussed in this 
volume and their reviewers are: Molecular Structure of Strych- 
nine, Brucine and Vomicine, Sir Robert Robinson; Chemistry of 
Some Heartwood Constituents of Conifers and their Physiological 
and Taxonomic Significance, H. Erdtman; Photodynamically- 
Active Natural Pigments, H. H. Brockmann; Chemicals from 
Petroleum, 8. F. Birch; Acetylene Chemistry, B. C. L. Weedon; 
Drugs Inhibiting Symptomatic Stimulators, F. Bergel and M. W. 
Parkes; Free Radicals as Intermediates in Organic Reactions, 
D. H. Hey; Starch and Its Products of Amylolytic Degradation, 
I. A. Preece. 

The reviews are of the same type as are to be found in Chemical 
Reviews, are prepared by active workers in the field, and are au- 
thoritative. The shortest review (19 pages) is that by Brock- 
mann; the longest (51 pages) by Birch. The editor notes that 
comprehensive accounts of advances in every phase of organic 
chemistry are apt to take so long to prepare that they tend to be- 
come somewhat out of date even before they are published. This 
volume is no exception despite its more limited objective. Nu- 
merous citations to the original literature are provided with each 
subject but, aside from a number of references given as an adden- 
dum or obviously added after the main portion of the article had 
been written, references to publications after 1948 are relatively 


few. In fact, in the chapter on Free Radicals as Intermediates 
in Organic Reactions the only reference after 1948 is to a book! 
The typography is good; the binding seems adequate and the 
price high. 


L. A. GOLDBLATT 
UNITED STATES DEPARTMENT OF AGRICULTURE 
OLuSTEE, FLORIDA 


® FUNDAMENTALS OF SEMIMICRO QUALITATIVE 
ANALYSIS 


Erwin B. Kelsey, Associate Professor of Chemistry, Yale Uni- 
versity, and Harold G. Dietrich, Assistant Professor of Chemistry, 
Yale. Revised edition. The Macmillan Co., New York, 1951. 
viii + 328 pp. 15 figs. Siables. 14 X 20.5cm. $4. 


In TuHIs revised edition the authors have made many improve- 
ments over their first edition. The large print of the previous 
volume has given way to smaller but still readable type and the 
saving in space has made it possible to incorporate a great deal 
of additional descriptive material in an equal number of pages. 

The first half of the book presents and discusses capably the 
fundamental theory required for an understanding of qualitative 
analysis. This section includes chapters on the nature of sub- 
stances, solutions, ionization, protolytic equilibria, the formation 
and dissolution of precipitates, complex ions, and principles of 
oxidation-reduction. 

The second half of the text describes and outlines the analytical 
procedure for both cation and anion analysis, with about ten 
per cent of the book devoted to the latter. The system of cation 
analysis follows the conventional qualitative groupings of the 
elements except that the amphoteric elements Al, Zn, and Cr 
and the other elements precipitated as sulfides from basic solu- 
tion are separated together in the group precipitation by the 
simultaneous use of ammonia with hydrogen sulfide. 

Each group separation is preceded by a listing of the applicable 
descriptive chemistry of each element in the group. In addition, 
a set of good preliminary experiments has been included to help 
the student understand the separation. Following the outline 
of the analysis of the group and notes on this analysis there is 
an excellent section on the theory of the analysis and some per- 
tinent exercises. Equations for the net reactions are used through- 
out. 

The text gives explicit directions for thé semimicro manipula- 
tion required in the procedures and ends with an appendix which 
includes a discussion of exponents and logarithms as well as 
tables of constants. 

The authors have written a very usable qualitative analysis 
text which can be highly recommended for consideration to 
anyone teaching the subject. 


W. WAYNE MEINKE 
UNIVERSITY OF MICHIGAN 
Ann ArBor, MICHIGAN 


* LABORATORY EXPERIMENTS IN THE PHYSICAL 
SCIENCES 


Anton Postl, Assistant Professor of Science, Oregon College of 
Education, Monmouth, Oregon. Burgess Publishing Co., Minne- 
apolis, 1951. v-+72pp. Illustrated. 21 X 27.5cm. $1.50. 


Tuis is a laboratory manual for use in a general physical science 
course. It contains 26 experiments designed for a 2 or 24 hour 
period. Necessary supplies include a modest amount of appara- 
tus and chemicals and some maps. Graph paper is supplied 
in the manual. 

Some experiments are descriptive, most are quantitative. 
Three questions follow each experiment. These emphasize the 


significance of certain operations of the principles being investi- 
gated. The subject matter of the experiments is divided among 
astronomy (2), chemistry (6), geology (6), metecrology (2), and 
physics (10). 
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The experiments are simple but significant and they are clearly 

explained. Diagrams are given where needed and, in a few cases, 

the explanation or arrangement of the apparatus is referred to 

the instructor. The manual is the spiral binding, expandable 

type, but is not a “fill-in.” Experiments are to be written up 

=" to a suggested form on the right hand page which is 

ank, 

This should be a useful laboratory manual for a class which 

has a 2- to 3-hour lab period. Many of the experiments could be / 
extended over more than a single period if only one hour is ve 
able. 


RICHARD WISTAR, 
OAKLAND, CALIFORNIA ‘ 


6 LES THEORIES ELECTRONIQUES DE LA 
CHIMIE ORGANIQUE 


Bernard Pullman and Mme. Alberte Pullman, Instituté of 
Radium, Paris. Preface by Louis de Broglie, Secretary of the 
Academy of Sciences. Masson et Cie, Paris, 1952. 665 pp. 
170 figs. 17 X 25.5 cm. 2800 fr. 


A rouGu idea of the extent to which the whole broad field of 
molecular structure is covered in this important book can be 
gained from the following list of the titles of the ten chapters: 
The Foundations of Theoretical Chemistry; The Atom; The 
Chemical Bond; The General Methods for the Study of Con- 
jugated Molecules; Resonance Energy and Its Principal Ap- 
plications; Bond Order and Its Physicochemical Significance; 
Distribution of Electric Charge and Dipole Moments; Elec- 
tronic Spectra and Color; The Diamagnetism of Aromatic Com- 
pounds; and Molecular Diagrams and Chemical Reactivity. 

The book begins with a brief introduction to quantum me- 
chanics, after which the problem of valence is treated by both 
the valence-bond and the molecular-orbital methods. In this 
discussion, the relations of the two methods to each other are 
clearly explained, and the reader’s attention is called to the limi- 
tations of each treatment. The mathematical procedures by 
which resonance energies, charge distributions, bond orders, etc., 
etc., are calculated are described in detail and illustrated with 
many numerical examples. Moreover, the values calculated for 
the energies of all the x molecular orbitals in a rather large number 
of unsaturated and aromatic hydrocarbons are collected in a use- 
ful appendix. This book is, in fact, particularly valuable in that 
it is one of the few places in which a novice can at present find 
an orderly and complete presentation of all the material that is 
necessary for an adequate understanding of the contemporary 
literature on the quantum-mechanical treatment of valence. 
After devoting approximately the first half of the book to these 
essential mathematical details, the authors then turn their 
attention to the more qualitative and more descriptive applica- 
tions of the theory thus developed. As is only natural, consider- 
able emphasis is placed upon the concepts of bond order (indice 
de liaison), of free-valence number (indice de valence libre), and 
of molecular diagrams (diagrammes moléculaires), which have 
been so extensively developed by the Drs. Pullman and their 
numerous collaborators, as well as by the closely associated 
English school. Since these concepts seem not to have received 
in America as much attention as they deserve, it may be hoped 
that this book will do much to correct the present unfortunate 
neglect. 

In view of the eminence of the authors in the field of molecular 
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cture, the reader can of course expect the book to be author}. 
tive. In this expectation he will not be disappointed, Hg 
ight, to be sure, regret that in numerous instances the disting. 
tion between theory and fact has not been more clearly and more 
positively drawn; or he might wish that less space had been de. 
voted to the computation of the precise numerical values of 
quantities which cannot be ineasured experimentally, either 
because the substances to which they refer are unknown or 
because the experimental significance of the quantities themselveg 
(e. g., the free-valence number) has not been sufficiently precisely 
defined. However, such defects as these, if indeed they be de. 
fects, vary in importance with the prejudices of the individual 
readers and in any event they do not seriously detract from the 
value of this excellent contribution to the scientific literature, 
The book has been attractively printed, but it is possible that 
most of those American readers who can afford its high price 
in the first place would prefer to pay a few cents more to have it 
bound, and especially to have its pages cut. The proofreading 
has in general been quite satisfactory so that there are few errors, 
if any, which are likely to cause trouble. One of the more serious 
such errors, for example, is a rather trivial one on pages 156 and 
157, where the method specified in Figure 16 for numbering the 
carbon atoms in the naphthalene molecule is inconsistent with 
the set of canonical] structures listed in Table III. A still less 
important error occurs on page 510 where the benzenoid rings in 
structures CVII and CVIII should obviously be replaced by quin- 
oid ones. Moreover, it may be wondered whether the printer 
ran out of lower-case e’s, for in about the last fifty pages this 
particular letter is missing several dozen times. Finally, atten- 
tion may here be called to a matter of nomenclature which may 
perhaps be customary in France, but which is likely to cause 
some ccenfusion with an English-speaking reader: throughout 
Chapter VIII, any ultraviolet absorption band which is described 
as “the most distant’’ (la plus lointaine) is always to be under- 
stood as the one closest to the visible. 


G. W. WHELAND 
UNIVERSITY OF CHICAGO 
Cuicaao, ILLINOIS 


* ENCYCLOPEDIA OF CHEMICAL REACTIONS. 
VOLUME IV 


C. A. Jacobson, Professor of Chemistry, Emeritus, West Virginia 
University, Compiler and Editor. Reinhold Publishing Corp., 
New York, 1951. 790 pp. 16 X 23.5cm. $14. 


Tuts book continues the series, dealing with the reactions of 
iron, lanthanum, lead, lithium, magnesium, manganese, mercury, 
molybdenum, and neodymium. The format and arrangement 
is, of course, similar to those of the earlier volumes. The value of 
this series to chemists has been mentioned in earlier reviews. 


© CONDENSED REVIEW OF PHARMACY 


George W. Fiero, Esso Standard Oil Company. Seventh edition. 
John Wiley & Sons, Inc., New York, 1952. 122 pp. 23.5 x 16 


Tus is a handbook rather than a review. Some tables and 
lists of interest to chemists are those of the organic and inorganic 
chemicals in the U. 8. P. and the N. F.; the common names of 
official drugs. Part V on Elementary Chemistry condenses it all— 
organic and inorganic—into five pages! 


IN THE review of the seventh edition of Lowy, Harrow, and Apfelbaum’s “Introduction to Organic 
Chemistry” on page 530 of the October issue, the price of this book is given as $5. The publish- 
ers have informed us that the price has now been increased to $5.50. 
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The annual index for Volume 29 of the JouRNAL or Cri MICAL 
Authors are listed in 


Epucation is divided into several parts. 


three sections: 


to the editor. 

Auserty, Rosert A.—See Roserts, 
Tuomas H. 

Atyea, Hupert N. The terminal course in 


Amis, Epwarp S. Coulomb’s law and the 
quantitative interpretation of reaction 


Anperson, JoHN E.—See CHELBERG, 
Raymonp R. 
Anperson, Rossin C. Reorientation for 
training chemists as teachers......... 
AnretMaN, Marvin. Some (organic) lab 
Samuet E. Q. Educational 


preparation for a career in chemistry. . 


Bara, Joun C., Jn.—See Tamres, 
Benper, Max. The use of light scattering 
for determining particle size and molec- 
ular weight and shape............... 
Benrey, O. T. Prout’s hypothesis....... 
BerGen, CATHARINE M. Tracer isotopes in 
Berena, Horacio E.—See Hauser, Ernst 


Buagpet, W. J., J. H. Jerrerson, AND 
H. T. Knieur. Instructional error in 
quantitative analysis................ 

Boaes, D.—See Weser, Josep E. 

Borp, Ropert Nerison. A procedure for 
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Brapiey, R.S. Proton waves........... 

Brewer, George E. F. The Michigan 
College Chemistry Teachers Associa- 
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Gmuman. A flexible laboratory infra- 

Buten, A.—See VARNER, JOSEPH 
E. 

Butter, Joun P., Joun N. MANDAS. 
A stable radioactive standard......... 


Catincarrr, Gerorece. A simple demon- 
stration of the Carnot cycle.......... 
I. E.—See CARROLL 
Carmopy, Water R. Practical precision 
for chemistry students..............- 
Casey, R. S.—See Lerner, B. J. 
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AnpErson. Semimicro laboratories. . 
Yao, anp W. J. Smoruers. Dif- 
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periodic system of elements.......... 
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Ham. A new semimicro technique in 
the teaching of preparative chemistry. . 
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Cuartes D. The periodic table: 
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long form oi the periodic table........ 
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Hirsu, B. W. The steam engine and the 
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on ultraviolet absorption spectropho- 
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Acid-base titration curves. An experiment 
inacidimetry. James M. Henpev..... 
Afiliates—See Student affiliates 
Agricultural 


Alice in stereoisomerland. Marsor1e Ropp 
“Allotropic”’ bromine. Eugene G. Rochow 
Aluminum, Monovalent. J.P. McGeer.. . 
Ammonia in aqueous solution, A qualitative 
test for. RicHarp C. O’NeILt anp W. 
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176 


100 


503 


383 


288 


573 


114 


144 


97 


344 


Swinewart, D. F. More on oxidation 


Tamres, Mitton, Joun C. Batuar, 
Jn. The course in general chemistry. . 
Tatevskil, V. M., ann M. I. SHaxu- 
PARANOY. About a machistic theory 
in chemistry and its propagandists... . 
Tzap, Orpway. Effective learning in col- 


Taiessen, Garrett W. Finding and 
founding future chemists. . . 
Turrrinc, Hans. Ludwig Boltzmann.... 
Tuomas, E. B., anno R. J. Noox. A re- 
corder for polarography............. 
A simple assembly for conductometric 
Tuomas, Georce R. The preparation of 
punched cards for indexing information 
Trarron, Loris ANN—See 
Harrrert H. 
TrRANTHAM, JoserH C., 
Tweepie. The chapt of 
affiliates at Baylor University........ 
TrRmBLE, FLoyp. You may need a witness 
Trumpore, Conrap N., Horace E. 
Rogers. Experiments in paper parti- 
tion chromatography................ 
Tweepie, Viren L.—See TRANTHAM, 
Josepx C. 


L. 


Van Dam, Tuomas E., F. 
LAWRENCE SHAPIRO, AND RAYMOND 
Hecror. Dynamic nuclear reaction 

van Kuooster, H.S. Jan Ingenhousz.... 

Van’t Hoff (1852-1911) in retrospect... . 

Varner, JosepH E., AND A. 
BuLEN. An t tic tant 
volume fraction collector............ 


Vauaun, Raymonp T. Research for a day 
VISWANATHAN, Arcot, AND M. G. 
SuryarRaMan. Acup of lead amalgam, 
Waener, G. H., ann W.H.Grrzen. Gal- 
Georce. The molecular basis of 


Watpen, Pavur. The problem of duplica- 


SUBJECT INDEX 


Analyses, Chemical, in the submicromolar 
region. Lockxuart B. RoGers........ 
Analytical chemistry, The course in. Pariip 


Analytical chemistry. Motion picture dem- 
onstrations in. A. JoHNson... 

Ancient natural-philosophical ideas in mod- 
ernchemistry. Paut WALDEN........ 

Apparatus 


Gas-collection bottles................ 
Gas dispersing tube................. 
Recorder for polarography........... 


493 


284 


217 


162 


259 


612 


222 


522 


386 


tion in the history of chemical dis- 


Ancient natural-philosophical ideas in 
modern chemistry. 


Wa rer, Joun A., AND THomas L. Warson. 
Communication deficiencies of senior 
and graduate chemical engineers... ... 

Watson, THomas L.—See Watter, JoHN 
A. 


Weser, Josern E., anp Arto D. Bogas. 
A simple procedure for preparing 


WENDLAND, Ray. The thermomatic 


West, Partie W. The course in analytical 

Wuratiey, E. Thermal diffusion columns 
for lecture demonstration............ 

Jonn E.—See McQuary, JoHn 
P. 

B. R., Jr.—See Roperrs, 


Tuomas H. 
Wiuuiams, H. B. Elementary physical 
hemistry and math 
Wiuuiams, Henrietta V.—See McQvary, 
Joun P. 


H. Hamity. Nuclear chemistry in the 
curricula of American colleges and 

THEopore J., ARTHUR 
Rose. A solution to the problem of 
storage and availability of chemical 

Wo.LrenpDeEN, Joun H. A note on the ki- 

Womack, E. B. Chemistry instruction at 
Fresno State College................ 

Woopsrince, Ricuarp G., III. Micro- 

Wricut, Oscar L., Donato FUHRLHAGE, 
AND Eart The Friedel- 
Crafts reaction in elementary organic 


Ziemxe, Paut C. Early methods of salt- 

Zierz, Josern R., Jr. ‘‘The Pirotechnia” 
of Vannoccio Biringuccio............. 


Titrations, conductometric........... 
Apparatus for storing and measuring solu- 
tions of lithium aluminum hydride, An. 
Aqueous solutions, The behavior of metal 
complexesin. ArTHur E. MARTELL... 


Atomic structure 
Electronegativities.................. 
History of the neutron............... 

Atomic theory 

Aurum potabile. Ernst A. HAvuser...... . 

Automatic constant-volume fraction 
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539 Thermomatic steamer............... 364 
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148 Chromatographic fraction collector.... 625 
407 Conductivity, demonstrating......... 611 75 ‘ 
368 Algae Constant-temperature bath.......... 137 Atomic radii 
360 539 
534 229 
197 78 
34 456 
414 
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lector, An. JosepH E. VARNER AND 
625 
Babcock, Stephen M. 69 
Balancing equations 
Oxidation numbers.................. 284 
Baylor University, The chapter of Student 
Affiliates at. Joseph C. TRANTHAM 
AND Virait L, TWEEDIE............. 392 
Behavior of metal complexes in aqueous 
solutions, The. 270 
Biochemistry, Tracer isotopes in. CaTH- 
84 
Biography 
Biring , Va 507 
Boltzmann, Ludwig................. 298 
Daniell, John Frederic............... 26 
Delaby, Raymond.................. 151 
110 
Helferich, Burckhardt............... 459 
622 
353 
Mark, Herman Francis.............. 544 
201 
76 
407 
Schwab, Georg-Maria............... 247 
ee 376, 379 
Biringuecio, Vannoccio, ‘““The Pirotechnia”’ 
of. Josnurn R. Zrprz, 507 
Boiling points, Correction of, for variation 
in barometric pressure. Reino W. 
Boltzmann, Ludwig. Hans TurrrinG(P).. 298 
Boston College Chemical Society, The. 
Apert F. McGuinn, §.J...........- 347 
Boston University, The Student Affiliate 
Chapterat. Arno Heyn............ 303 
Brief derivation of the lever law, A. Reno 
Bromine, ‘“‘Allotropic.”. Eugene G. Ro- 
cuow Ina 56 
Butlerov, Aleksandr Mikhailovich.......... 2 
Catirornt, University of, Chemical edu- 
cation in Santa Barbara College of the. 
Can microcards solve the chemist’s litera- 
ture problem? Sipney KasMAn...... 394 
Carbon, Colloidal—invaluable soot. Car. 
Career in chemistry, Educational prepara- 
tionfora. Samuet E. Q. AsHLEY...... 313 
Careers 
Consulting chemistry..............-. 100 
Castor oil as a starting materiai for labora- 
tory preparations. Korra ALEJANDRO 
Dominevez, ENRIQUE SPERON, AND 
Cause of optical inactivity, The. Dwiexr 
Cavins, Gertrude W. 258 
Chain reaction, 75 
Chapter of Student Affiliates at Baylor Uni- 
versity, The. Josep C. TaanrHam 
Chelation 


Chemical calculations 


Chemical education in Santa Barbara Col- 
lege of the University of California. 

Chemical engineers, Communication defi- 
ciencies of senior and graduate. Joun 
A. WALTER AND THoMAs L. 

Chemical industry and the steam engine. B. 


Chemical literature 
Abstracting and indexing periodicals... . 
Chemical literature, A solution to the pro- 
blem of storage and availability of. 
THEODORE J. WILLIAMS AND ARTHUR 


propellants. S.S. PENNER.. 

istry identification question, A. Witt 

Chemistry in the food inihestey. Joun H 

Chemistry in universities.................. 


Chemistry instruction at Fresno State Col- 
Chemistry program of A. A. A. S. meeting.... 
Chemistry workshop.................... 
Chemotherapy of tuberculosis, The. H. 
Chromatographic analysis for metal ions. 
Harriett H. FIttinGer AND Lois ANN 


Chromatography—See also Paper chromatog- 
raphy 
Chromatography, Experiments in paper 
partition. Conrap N. TRUMBORE AND 
Horace E. Roeuns................. 


Clamp, laboratory, A new and useful. Roy 
Cloud chamber, A continuous. A. L. Kuen- 


Clubs—See Student affiliates 

Codes, 

College and university research in chemistry 

College chemistry teachers, The paragon of. 
Epwarp C, 

Colloidal gold. . . 

Colloid chemistry, Photomicrography as a 
tool for teaching. Ernst A. Hauser 
AND Horacio E. Berana............. 


Colored ions of the transition elements. 
P. Hatent, Jr.............. 
Combining half-reactions and their standard 
electrode potentials. Sipney I. 


Combustion, Leonardo da Vinci's 
mentson. Lapistao Rei........... 
Communication deficiencies of senior and 
graduate chemical engineers. Joun A. 


WALTER AND THomas L, Warson..... 
“Complex” chemistry of iron, The. B. J. 

C. 8. Grove, Jr., anv R. 8S. 

Complez ions 

Metal complexes.................... 

Complexes, The versene. Rospert L. 


Concept of resonance energy in elementary 
organic chemistry, The. ALEXANDER 


Conductometric titrations, A simple as- 
sembly for. 


E. B. Tuomas anp R. J. 


JOURNAL OF CHEMICAL EDUCATION 


396 
394 


146 
37 


330 


576 
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203 


344 


150 


29 


285 


625 


455 
258 


270 


Conferences 
Eastern colleges science............., 
Fourteenth Summer Conference of the 
New England Association of Chem- 
Seience 
Constant-reflux-ratio distilling head, A, 
Guzwn H. 
Constant-temperature bath for warm cli- 
mates, A. W. M. LoveLess Mapt- 
Constant-volume fraction collector, 
automatic. JosepH E. VARNER AND 
Consulting chemistry as an example of in- 
dustrial research. Cornewia T. SNELL, 


Contents of the basic courses in chemistry, 
Continuous chamber, A. A. L. Kuen- 


Continuous ether-extraction apparatus, A. 
Contribution of student affiliates to chemi- 
cal education, The. Sister M. Law- 
muence 
Coordination—See Complex ions 
Coordination, Stabilization of oxidation 
states through. Bopre E. Dovaetas.... 
Cork-ball experiments on crystalline and 
molecular structure. NorMANn Davip- 
Correction of boiling points for variation 


in barometric pressure. Reino W. 
Cosmic scale, Spectroscopy on a. E. I 


Coulomb’s law and the quantitative inter- 
pretation of reaction rates. Epwarp 


Course in analytical chemistry, The. 

Course in general chemistry, The. M1uton 


TAMRES AND Joun C. 38... 
Course in organic chemistry, The. RoBertT 


Crystalline and molecular structure, Cork- 
ball experiments on. Norman Davip- 


Cup of lead amalgam, porous to mercury, A. 
Arcot VISWANATHAN AND M, G. Sury- 

Curie, Pierreand 

Curricula of American colleges and univer- 
sities, Nuclear chemistry in the. Rvus- 
SELL R. WILLIAMS, JR., AND WILLIAM 


Curriculum 
Graduate, for teachers............... 
Curriculum in chemistry, The. Puurtip J. 


Da Vinc1’s, Leonardo, experiments on com- 
bustion. Lapisuao Retr............. 
Daniell, John Frederic. Tuomas O. Sis- 


Delaby, Raymond. Cifément DuvaL AND 
E. 
Demonstration of the Carnot cycle, A 
simple. GrorGe CALINGAEBRT........ 
Demonstrations—See Lecture demonstrations 
Demonstrations, Motion picture, in ana- 
lytical chemistry. A. Jounson. 
Demonstrations on fluores«snce, Some new. 
Fritz Feiet G. B. Hersic........ 
Demonstrations, Suggestions for. WALTER 


Department of Chemistry of the University 
of Southern California, The. Karou J. 
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DECEMBER, 1952 


“Derivation” of the Nernst equation for ele- 
mentary quantitative analysis, A. 

Determination of the ranges and constants 
of double-range indicators. H. E. 

Diagnostic test in simple mathematics, A. 
Freperic C. ScuMipt AND CHRISTIAN 

Differential thermal analysis in the general 
chemistry laboratory. Yao CHIANG 

Difficulties in the Hittorf method of deter- 


mining transference numbers. ARTHUR 
Distilling head, A  constant-reflux-ratio. 


Division of Chemical Education of the Ameri- 
can Chemical Society. 121st meeting, 

Doctorate program for college teachers, A. 

Doctorates in chemistry from southern in- 
stitutions, 1881-1951. Witt S. De- 


Dufraisse, Charles. ANpr& ETIENNE AND 
Raueu E. Orsper (March F)......... 
Duplication in the history of chemical dis- 
coveries, The problem of. Paut WatL- 


Duveen Library, The. Samvuet A, Ives AND 
Dynamic nuclear reaction models. THomas 
E. Van Dam, F. Hotioway, Law- 
RENCE SHAPIRO, AND RAYMOND HeEcToR 


Earty days of chemistry at the University 
of Wisconsin, The. Aaron J. InDE AND 

Early methods of saltpeter production. 

Editor’s Outlook (Editorials)....... 
109, 161, 215, 269, 323, 375, 427, 479, 533, 

Educational preparation for a career in chem- 
istry. Samuet E. Q. ASHLEY...... 

Effective learning in college. 

Effects of molecular shapes. Laurence S. 

Transference 

Electrode potentials, Combining half-reac- 
tions and their standard. Srpney I. 


Electron density 
Electronegativities in inorganic chemistry. 
Electrophoresis, A new frontier in: Tonog- 
raphy. J. McDonaLp......... 
Elementary physical chemistry and mathe- 


matics. H. B. 
Employment............. 


English composition 
Chemical engineer’s deficiencies... . . . . 
Entertainment—See Humor 
Enzymes, the basis of life. James B. Sum- 
Equilibrium problems, A procedure for solv- 
ing. N. Borp............... 


Error, Instructional, in quantitative analy- 
sis. W. J. Buarpe., J. H. Jerrerson, 

Ether-extraction apparatus, A continuous. 


589 


313 


75 


Experiment on reaction rates in general 
chemistry, Anew. Gorpon G. Evans.. 139 
Experiment on the law of multiple propor- 
tions. Joun H. 
Experiments in inorganic paper chromatog- 
raphy, Introductory. Joun G. Surax 
AND Dona.p P. SCHLUETER.......... 144 
Experiments in paper partition chromatog- 


283 


Jonnson, Wiii1am B. LinpsEY, AND 

General and analytical chemistry workshops.. 188 
General chemistry 

Laboratory synthesis................ 95 
General chemistry laboratory, Differential 

thermal analysis in the. Yao CHIANG 


raphy. Conrap N. TRUMBORE AND WE, 308 
Horace E. RoGers.............+.-- 404 General chemistry, The course in. M1ILToNn 
TAMRES AND Joun C. Barvar, JR...... 217 

635 General education, Physics and chemistry 
Molecular theory of matter, The. ... .. 583 for. Kennetu M. Stupson AND JOHN 
New world through chemistry 635 ee 133 
583 General Electric Chemical Division, Inter- 
583 esting products and new developments 

Analytical chemistry. ............... 522 Germanium. 417, 488 

Finding and founding future chemists. Gifford, Dorothy W. (P)......-..--+-++++: 424 
Garrett W. THIESSEN.............. 551 Glasses, Primordial. 503 

First-year college chemistry, What factors Glycerol. EtsertC. WEAVER............ 524 
determine student achievement in? Gold, colloidal. . 456 
Joun P. McQvary, Henrietta V. Griess, Peter, and the phenylene diamines. 
WiuiaMs, AND Joun E. Wiiarp..... 460 Mannino A. Suite anp R. 

Flexible laboratory infrared heater-dryer, A. GOWER... 176 

Florida, University of, The Student Affiliate Louis. DuvAL AND 
Section at the. Epwarp G,. Rierz anp Ratpu E. Orsper (P)............... 90 

Fluorescence, Some new demonstrations on. Half-cell reactions and electrode potentials.. 140 
Fritz Freie. G. B. Hersic........ 192 Halogen compounds 

Food industry, Chemistry in the. Joun H. Harcourt Butler Technological Institute, 

Foreign languages Hassel, Odd. Ravrn E. Orsrer (January 
Language teaching.................. 345 25 

Formation of refractory coatings by vapor- Helferich, Burckhardt. Ratpn E, Orsrer 
deposition processes, The. CARROLL 459 
anv I. E. CAMPBELL......... 181 High points in the develop t of cellul 

4in 1 chem-mixer, The. Ray WENDLAND... 365 chemistry since 1876, The. Em1u 

volume. JosePpH E. VARNER AND High-school chemistry 

Fragments of chemistry. CHar.es A. 45 
Kraus High-school chemistry, The reading diffi- 

1. Reaction of p amide with culty of textbooks for. Grorce Gret- 
aliphatic polyhalides in liquid am- SEN Maturnson, Harotp E. Sturm, 
6.0.00 0:90.09 366 AND Lois MARION MALLINSON........ 629 

2. Hydrides of germanium.......... 417  Hinsberg procedure, Modified. FRANK O. 

3. Silicon, germanium, andtin....... 488 506 

4. Germanium-siliconcompounds.... 489 Historical note on the Warburg constant- 

5. Some other reactions of silicon... . . 490 volume respirometer. THEoporE L. 

549 History and philosophy of science in the 

Fresno State College, Chemistry instruction training of graduate students in chem- 
ee ee 203 istry, The value of the. CLARA DE 

ganic laboratories The. Oscar L. History of chemical discoveries, The Prob- 
Wricut, DoNnALD FUHLHAGE, AND lem of duplication in the. Paut Wat- 

Frontispieces : History of chemistry 
Rassow, Berthold (February) Duplication in chemical discoveries.... 304 
Dufraisse, Charles (March) 503 
Schwab, Georg-Maria (May) Leonardo da Vinci's experiments on 
van’t Hoff, J. H. (August) cx 360 
Kurtenacker, Albin (October) Prout’s hypothesis. ................. 78 
Mark, Herman Francis (November) Recollections of three great labora- 

Value of, for training students... ..... 340 

549 History of the neutron, A. Vastiis Lav- 

162  Hittorf method of determining transference 

Gas-collection botties. Earn SHumaker... 229 numbers, Difficulties in the. 

Gas dispersing tube, A simple. G. Dana 384 
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Hittig, Gustav F. Raven E. Onsper (P).. 
Hyperconjugation: an elementary approach. 
Ricarpo CARVALHO FERREIRA........ 


Ipentirication of zinc in the presence of 
nickel and cobalt, The. E. M. Le- 
VINE AND GERALD KRAKOWER........ 

Improving the linguistic skill of students, 
On. 

Improving vacuum stopcocks. G,- Dana 
Jounson AND SBxXTON.......... 

Indexing and abstracting periodicals of 
chemical interest published in the 
United States. Lorna F. LeperMan. . 

Indexing information, The preparation of 


610 


396 


punched cardsfor. Grorce THomas 406 


India 
Chemical educationin............... 
Industrial research, Consulting chemistry as 
an example of. Corneiia T. SNELL... 


Inexpensive thermostat, An. Witu1am F. 


Infrared heater-dryer, A flexible laboratory. 
GrorFREY BROUGHTON AND LEONARD 


Ingenhousz, Jan. H. S. Van 
Inorganic chemistry, Electronegativities 


Instructional error in quantitative analysis. 
W. J. Buaepet, J. H. JErFeRson, 
Instruments for research. James F. Cor- 


Interest in lecture demonstrations, Some 


suggestions for increasing. F. D. 
Interest’ :» products and new developments 


of the General Electric Chemical Divi- 
Interpretation of the phase rule, An. C. A. 
Introductory experiments in inorganic paper 
chromatography. JoHn G. SuRAK AND 
Donan P. 
Ion exchange 
Ion exchange, A lecture demonstration. 
Ion-exchange experiment for physical chem- 
istry, An. Toomas H. Roserts, B. R. 
WI.uerorp, Jr., AND Ropert A. AL- 


Ionography: A new frontier in electro- 
phoresis. Huau J. McDonatp....... 
Iron, The “ plex’ chemistry of. 
Lerner, C. 8. Grove, Jr., anv R. 


Isotopes, Tracer, in biochemistry. CaTHa- 


Jos hunting for the chemist, Techniques of. 
Bengamin N. 


Kahlenberg, Louis eee 
Kinetic salt effects, A note on the. JoHN 
Kinetic theory 
Klemm, Wilhelm. E. Oxsper, (July 
Knowledge, chemical, The preservation and 
availability of. G. Maucoum Dyson... 
Kurtenacker, Albin. E. Orsper 


Las tips, Some (organic). Marvin ANTEL- 


464 


625 


Laboratories, Recollections of three great. 
ies, Semimicro. Rayrmonp R. 


AND Joun E. ANDERSON.... 189 
Laboratory administration 
Gas-collection bottles.............. 230 
Laboratory exercises 
Acid-base titration curves............ 148 
Differential thermal analysis.......... 308 
Friedel-Crafts reaction............... 620 
Law of multiple proportions. ......... 283 
Paper chromatography. ........... 144, 404 
Principal products.................. 92 
Quiszing in thelab.................. 248 
139 
Laboratory tings should teach too. 
Howarp NEcHAMKIN................ 92 
Laboratory preparations, Castor oil as a 
starting material for. ALE- 
JANDRO DominGuEz, ENRIQUE SPERON, 
Lab y qui g in the freshman chem- 
istry course. Joun H. Secrist........ 248 
Laboratory safety program, A. J.O. Pur- 
DUE AND C. J. HALLEY, JR............ 553 
Laboratory synthesis in general freshman 
chemistry. Henry F. Hoirzciaw, Jr. 95 
Laboratory techniques 
Language teaching for students in science 
and technology. J. W.Perry........ 345 
65 
Learning in college, Effective. Orpway 
Lecture demonstration of ion exchange, A. 
James 292 
Lecture demonstration, Thermal diffusion 
Lecture d trations, Symp a Pes 288 
Lecture demonstrations 
Conductivity, corrosion.............. 611 
Conductivity of molten salt........... 296 
Films in analytical chemistry......... 522 
Tsomeric structure. 296 
Mercury—permeablecup............ 257 
623 
Radiations from radioactive materials.. 289 
525 
Lecture demonstrations, interest in, Some 
suggestions for increasing. F. D. 
Lecture demonstrations with 
Davin P. SPALDING. 288 
Leonardo da Vinci’s experiments on com- 
bustion. Laprstao Retr............. 590 
Lever law, A brief derivation of the. Rerno 
Liberal education, purposes of............. 312 
Library, The Duveen. Samvuet A, Ives 
Light scattering for determining particle 
size and molecular weight and shape, 
The use of. Max Benper............ 15 
Linguistic skill of students, On epeaitues 
the. JuniusS. 610 
Literature, Chemical—See Chemical i 
ture 
Lithium aluminum hydride, An apparatus 
for storing and measuring solutions of. 


Logarithmic diagrams in trace analysis. J. 
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Long form of the periodic table, The, 
Gores ann A. I. Popov... 
Lorentz transformation, Trigonometric form 
ofthe. Josppu R. 


Macuisric theory in chemistry andits prop- 
agandists, About a. V. M. Tarey- 
AnD M. I. SHAKHPARANOV......,. 

Manpower 
College and university research... .... 

Mark, Herman Francis, Geratp OsreR 

Mathematics, Elementary physical chem- 
istryand. H. B. 

Mathematics, simple, A diagnostic test 
in. Freperic C. Scumipr anp Curis- 


“Mellor’s nonsense.” ALEXANDER SILverR- 
Merck fellowship in lytical chemist: 

Metal complexes in aqueous aniline, The 
behavior of. ArtHur E. Marre LL. . 
Metal ions, Chromatographic analysis for. 
Harriett H. Lois ANN 


Michigan College Chemistry Teachers As- 
sociation, The. Grorce E. F. Brewer 
Micreanalysis 
Handling small precipitates........... 
Micro-bump-rockets. Ricuarp G. Woop- 
Microcards, Can they solve the chemist’s 
literature problem? Sipney Kasman.. 
Miscellaneous experiments. CHARLOTTE I, 
Models 


Molecular structure, Cork-ball experiments 
on crystalline and. Norman Davip- 


Monovalent aluminum, J.P. McGeerr.... 
More on oxidation numbers. D. F. Swine- 


Motion picture demonstrations in analytical 
chemistry. A. JoHNSON....... 
Multiple proportions, An experiment on the 
law of. Joun H. Secrist............- 


National college testing program..........-+ 
National Cooperative Undergraduate Chem- 
ical Research Program. ETHALINE 
CorTELYou AnD W. P. CorTELyov.. 
Natural-philosophica] ideas, Ancient, in 
modern chemistry. Paut WALDEN. . 
Nernst equation for elementary quantitative 
analysis, A ‘“‘derivation’’ of the. 


Nernst, Walter 
Neutron, A history of the. Vasiris Lav- 


New and useful laboratory clamp. A. Roy 
New England Association of Chemistry 
Teachers: 
Articles 
Chemistry in the food industry. Joxun 
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Norris W. Raxkestraw, Editor, Scripps Institution, La Jolla, 
California. 

2. Manuscript. The manuscript submitted should not have 
been published elsewhere. The work of the editorial office is 
facilitated and better service is assured the author when dupli- 
cate copies (the original and a carbon) are submitted. Typing 
of both text and references should be double-spaced, with 2-3 cm. 
margins. The title of the article should be followed by the name 
and business or institutional address of the author. If the paper 
has been presented at a meeting, a footnote giving name of the 
society, date, and occasion should immediately follow the author’s 
name. The usual editorial customs, as exemplified in the most 
recent issue of the JourNAL should be followed as closely as 
possible. 

Galley proof of each article will be -ubmitted to the author. 
This proof should be carefully corrected and returned promptly 
to the Editor’s Office. Page proof will not be submitted. 


3. References and Footnotes. In hissorical and biographical 
articles and in »apers containing only two or three literature 
references it is dcsirable that the references be handled as foot- 
notes. Such references should be designated by superior num- 
bers and the reference itself should be placed in the body of the 
text immediately following the citation and set off by rules. 

In articles of the scientific review type each reference to the 
literature should be designated by a number, in italics (indicated 
in a typescript by a single underline) and enclosed in parentheses, 
corresponding in size with the body of the text and set in the line 
of reading matter. All the references are to be assembled, ar- 
ranged numerically, and placed at the end of the article under the 
heading, Literature Cited. The numbers in parentheses are to 
be placed flush with the margin and if the reference exceeds one 
line, the succeeding line or lines should be indented. The lists of 
references should be typed, double-spaced. 

When specific citations of previous literature are not made 
but when it seems desirable to append a general bibliography, 
it is preferable that arrangement be made alphabetically on the 
basis of authors’ or senior authors’ names. 

A reference to a periodical should include, in the order named: 
(1) author’s name, (2) name of periodical (use of standard 
abbreviations designated in the “List of Periodicals Abstracted 
by Chemical Abstracts’’), (3) volume number, (4) page (give exact 
page number at which the point cited is to be found or, if 
the entire article is the reference, give the page numbers inclu- 
sive), and (5) date of publication. 


Example: 


(1) Kraus, C. A., anp C. L. Brown, J. Am. Chem. Soc., 52, 
3690-6 (1930). 

A reference to a book should include, in the order named: (1) 
author’s name, (2) title of book (enclosed in quotation marks), 
(3) edition, if more than one, (4) name of publisher, (5) address 
of publisher, (6) date of publication, (7) volume number, (8) 
pages (give exact page number at which the point cited is to be 
found). 


Example: 


(1) Couen, J. B., “Organic Chemistry for Advanced Students,” 
5th ed., Longmans, Green and Company, New York, 1928. 


NOTICE TO AUTHORS 


References to explanatory notes such as (1) occasion on which 
paper was delivered, (2) acknowledgments, (3) definitions of ob- 
scure or unfamiliar terms, (4) changes in address, etc., are to 
be designated in the text by superior numbers in sequence with 
other footnotes in the article. Such a footnote should be inserted 
as a separate line (or lines) immediately following the word to 
which it refers and should be separated from the text by lines, 


4. Illustrations. Not all articles lend themselves to illustra- 
tion, but articles which do should be accompanied by as many 
pertinent illustrations as possible. The best possible selection 
of illustrations available will be made by the editorial staff. 
As a rule, apparatus, particularly if complicated, is best presented 
by means of line or working drawings. Photographs are some- 
times sufficient, however. When both can be obtained, it is 
generally desirable to incl:d= both with the manuscript. Unless 
lettering can be done by one of the mechanical devices it should 
be in pencil only. 

Photographs should have a gloss finish and should be at least 
post-card size—larger, if possible. Only prints which are un- 
blurred and which show sharp contrast between light and dark 
areas can be satisfactorily reproduced. Authors should exercise 
scrupulous care in crediting photographs which require credit, 

Line drawings should be carefully prepared in black India ink 
on plain white drawing paper, blue tracing cloth, or blue-lined 
coordinate paper twice or three times the size desired in the 
printed cut; it is convenient, when permitted by the scale re- 
quired, to have them the size of the manuscript. 

For graphs coordinate paper should be printed in blue only, 
with the important coordinate lines ruled over in black; the black- 
ruled square should in general not be less than ten millime‘rs on 
a side; the lines of the curves should be the heaviest, except 
the frame; points on the curves should be indicated by true 
circles, not crosses. All lines, legends, numbers, and letters 
which cannot be set in type at the margin of the cut but must 
constitute a portion of the cut itself are to be so proportioned 
that they will be clearly legible in the cut. The numbering of the 
coordinate axes, the number of the figure, and any necessary 
explanations of the figure should be printed in pencil in the 
margin of the sheet, as they are usually set up in type rather than 
reproduced from the drawing. Typewritten designations are not 
black enough to reproduce satisfactorily. Where lettering can- 
not be done adequately, designations left in pencil can be taken 
care of in the editorial office. 

Tables should be inserted in the body of the manuscript at the 
proper place. 

All photographs, line drawings, and tables should be provided 
with self-explanatory titles or legends. Each illustration should 
be marked in pencil on the margin with the name of the author 
and the title of the article to which it refers. 

Authors are invited to examine the series of articles by E. M. 
Hoshall entitled “Chemical Drawing” [“I. Fundamentals of 
chemical drawing,” J. Cuem. Epuc., 11, 21-3 (1934); “II. 
Conventional representation of materials and equipment,”’ ibid., 
11, 23-7 (1934); “III. Arrangement of drawings,” tbid., 11, 
154-8 (1934); “IV. Charts, graphs, and diagrams,’’ ibid., 11, 
235-41 (1934); “V. Photographs,” ibid., 11, 546-50 (1934).] 


5. Reprints. A reprint price list is printed on the reverse side 
of the order slip which accompanies galley proofs. Special rates 
for reprints in 6” X 9” page-size may be had upon application to 
the Business Manager, Mack Printing Co., 20th and Northamp- 
ton Sts., Easton, Pa. 
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NEWS 


A Word about Format 


One of the leading textbook manufac- 
twrers—a firm that prints and binds a 
large number of Wiley textbooks—issued 
not so long age an interesting pamphlet 
entitied Making of a Book.’’ The 
writer introduced his history of a book 
from manuscript to stockroom with a 
statement that made us reflect upon our 
responsibilities in book manufacture to 
the users of our publications. 


He said, ‘‘The well-made book pos- 
sesses the two cardinal virtues of a well- 
made bottle: it invites the stranger to 
taste its contents, and it makes the 
drinking both easy and pleasant.’ 


In our view, the well-made book is the 
result of effective collaboration between 
author, publisher, and printer. Each 
party, of course, has its own special 
responsibilities toward the others and 
also toward the purchaser of the volume. 
We would like to mention here some of our 
obligations. 


1. Physically, a Wiley textbook 
must be a visual complement of 
the subject it presents. Format, 
size, type face, binding, illustra- 
tions—all the elements have to 
harmonize with the book's ton- 
tents. 


2. We must, to achieve this effect, 
set up a manufacturing budget that 
will permit us to utilize quality 
materials—paper, cloth, boards, 
ink, gold, and all the other physi- 
cal ingredients of a book. 


3. The manufacturers we select to 
carry out our production plans 
must be expert as well as reli- 
able, for we feel that only books 
honestly and well-made will be 
truly appreciated by the present 
and future scientists who use 
them. 


4. New techniques in design and 
production must be constantly 
Studied so that we can steadily 
improve the appearance and us- 
ability of our publications with- 
out pricing them completely out of 
reach of students. 


JOHN WILEY & SONS, Inc. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


They say... 


. about MOELLER’S INORGANIC CHEMISTRY: An Ad- 


vanced Textbook, (1952, 966 pages, $10.00). For years professors have 
been searching for a textbook that would draw essentials from books 
and widely scattered original literature sources into a cohesive survey 
of advanced inorganic chemistry from the modern viewpoint. Now... 
“*At last there is a suitable text available for a course in organic chemistry 
beyond the freshman year. Further, to have one so nicely done and so 
complete is a real delight. As you know, the book has been adopted for 
our use here.’’ . . . says Professor W. Conard Fernelius of Pennsylvania 


State College. 


. . about W. J. YOUDEN’S STATISTICAL METHODS FOR 


CHEMISTS , (1951, 126 pages, $3.25). To design more effective experiments 
—to interpret various data—more and more, chemists are coming to feel 
the need for a mastery of statistical techniques. Here's the answer for 
chemistry students who have no statistical background, yet who will need 
statistics in their future work. Professor W. M. Hoskins of the Univer- 
sity of California calls it, “*. . . an excellent introduction to the subject. . .”’ 
A Wiley Publication in Statistics, Walter A. Shewhart, editor. 


. . . about the late ELLIOT R. ALEXANDER’S PRINCIPLES OF IONIC 
ORGANIC REACTIONS, (1950, 318 pages, $5.50). “*. . . makes 
both teaching and studying of advanced organic chemistry more efficacious. 
It provides the lecturer with a convenient supply of interesting material 
for discussion, and it requires comparatively few guiding principles to be 
remembered for intelligent application by the student.”’ . . . says Professor 
Eugene Pacsu of Princeton. Plausible and pertinent are tne key adjectives 
for Alexander's treatment. 


. . . about two organic chemistry books with different approaches to the 
subject. WHELAND'S ADWANCED ORGANIC CHEMISTRY, 
(1949, 799 pages, $8.50), spotlights the theoretical approach, giving the 
student mastery of structural theory and empirical generalizations. 
One user points out that this text ‘‘. . . differs from all other works in 
being a unified, up-to-date, non-mathematical treatmenr of classical and 
recent theories and problems of structural organic chemistry.’’ Re- 
stricted to facts and theories essential to successful research is FUSON'S 
ADVANCED ORGANIC CHEMISTRY: (1950, 669 pages, $8.50). 
Here emphasis is on fundamental behavior patterns of organic compounds 
and attention is directed to actual examples of synthetic value. One 
of its readers commends this book's ‘*. . . straightforward organization 
and adherence to basic facts. . .”” 


Copies of all Wiley books are available on approval 


440 Fourth Avenue, New York 16, N. Y. 
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Did You 


That Amend Drug & Chemical Co. 
can fill your order more completely. 


They have the Largest Listing. 


For Efficient Service—Specify 


AMEND DRUG & CHEMICAL Co., INC. 
117-119 East 24th Street New York 10, N. Y. 


use 


the accepted fast-acting Cleanser 


Eliminate weight loss, etching and weakening of the glass. ALCONOX is the 
ideal cleaner for laboratory glassware, instruments and equipment. 


Save time and labor with ALCONOX—simply wash and rinse. Preserve accurate 
readings and strength of your glassware—cut down breakage. Leaves no film or 
Bail Keo streaks. Economical too—a spoonful makes a gallon of active cleaning solution. 
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B S. HOPKINS & J. C. BAILAR ’ 
General Chemistry for Colleges, 
Fourth Edition 


704 pp. $5.50 
B S. HOPKINS, T. MOELLER & M. TAMRES 
Laboratory and Classroom Exercises D. C. 
in General Chemistry, Sixth Edition | HEATH 


265 pp. $2.40 
L. F. FIESER & M. FIESER AND 
Organic Chemistry, Second Edition 
8 1140 pp. $7.50 COMPANY 
L. F. FIESER & M. FIESER 
° ° Sales Offices: 
Textbook of Organic Chemistry NEW YORK 
749 pp. $6.00 CHICAGO 
SAN FRANCISCO 
J. W. McBAIN 
Colloid Science DALLAS 
498 pp. $6.25 Home Office: 
W. C. OELKE BOSTON 
Semimicro Qualitative Analysis 
386 pp. $4.00 


FINEST... 


Balance In Its Class 


Unsurpassed for laboratories where speed with 
moderate sensitivity is important. 


@ Eliminates weights below 1 gram. 


@ Chain with Voland Horizontal Vernier gives eye 
level readings. 


@ Direct readings to 0.1 mg. 


> © Fully adjustable magnetic dampers. 


@ Black Carrara glass base plate. 


ACCURATE — FAST — DURABLE 
ms MODERATE PRICE, $240.00 
MODEL #220-D Stocked by your Laboratory Supply Dealer 


Capacity .............. 200 grams Products of the Finest in American Ingenuity and Craftsmanship 


full load 


VOLAND & Sons, Inc. 


32 Relyea Place, New Rochelle,’ New York 
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Semi-Micro Laboratory Exercises in |} 2 
General Chemistry Be, Det 
Revised Edition 
J. Austin Burrows This revised edition includes entirely new sets of practice ant. pent 
: problems and valuable new experiments. The authors were a he 
P A h minum 
aui Arthur guided by results of a questionnaire sent to many professors of salt, flu 
Otto M. Smith usingthemanual. Newexercises are added and others, found dowly rais 
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Fundamental Principles 
e versity 
of Physical Chemistry pid. 
Revised Edition 
Fundamental Principles of Physical Chemistry, in its revised ede 
' C. F. Prutton edition, offers student and instructor alike a modern, balanced, New Lab 
Samuel H. Maron and thorough presentation of physical chemistry. While it |. A new 
retains all the successful features of the first edition, this new ee 
edition simplifies and clarifies the original treatment, to Paneyive 
eliminate the nonessential material, and brings the book much “sit 
generally up to date by incorporating new information made _— 
available since 1945. Particularly important is the tremend- the popul 
ous increase in the number of problems bringing the total up oad P 
wer- 
to 595. $5.75 inch high 
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° modate a 
Quantitative Chemical Analysis |} 
Tenth Edition pee) fc 
L. F. Hamilton In the tenth edition of this book, formerly known as Talbot's a 
ae r Quantitative Chemical Analysis, the authors have completely Ang 
S$. G. Simpson rewritten the directions for many of the analytical determina- of the } 
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Aluminum Coating 


A new dipping process for coating steel 
with aluminum has been developed by the 
General Motors Corp., General Motors 
Bidg., Detroit 2, Michigan, called “Aldip.”’ 
The technique may lead to replacement 
of some zinc-coated metals; when diffused 
by heat treatment, it becomes heat resist- 
ant. Parts are cleaned, dipped in bath 
of preheating salt, transferred to an alu- 
minum bath which is covered by a layer 
of salt flux, returned to salt bath, and 
slowly raised. 


Award for Service 


The administration and the Board of 
Trusties of the University of Pittsburgh 
have presented Dr. Alexander Silverman 
with a silver medallion for the years of 
yaluable service which he has rendered 
the institution. He has served the Uni- 
yersity of Pittsburgh during a 50-year 
period. In 1901 he was undergraduate 
teaching assistant in chemistry. In 1905 
he joined the full time teaching staff of the 
Chemistry Department, and from 1918 to 
1951 he was head of the department. 


New Laboratory Feature 


# A new 30-inch Drawer-Cupboard, 

manufactured by Fisher Scientific Co., 
717 Forbes Street, Pittsburgh 19, 
Pennsylvania, neatly provides just as 
much “sitting-height’’ working space as a 
laboratory requires. 

Alternated with other units—such as 
the popular Open Bench Units or the re- 
cently announced Versa-Table—the 
Drawer-Cupboard offers continuous 30- 
inch high working area. The assembly 
may be continued in length to accom- 
modate a team of technicians, or it may be 
short (a single Open Bench Unit, for 
example, between two Drawer-Cup- 
boards) for one or two workers. 


Multicolumn Reflux Still 


A multicolumn countercurrent molecu- 
lar still designed by Dr. 8. L. Madorsky 
of the National Bureau of Standards 
appears to have significant advantages for 
the commercial separation of liquids 
which differ in their molecular weights or 
vapor pressures but have similar proper- 
ties otherwise. The columns of the still 
are arranged in such a way that the con- 
densates move by gravity from column to 
column in one direction while all the resi- 
dues move similarly in the opposite 
direction. Counter-current refluxing with 
automatic recombina:.n of fractions is 
thus obtained, and th: Jiesired separation 
of fractions is accomplished in a single 
operation. Among important possible 
applications of the new device are the 
toncentration of vitamins from natural 


sources and the purification and concentra- 
tion of vegetable oils, animal fats, lubri- 
cating oils, and high-boiling petroleum 
fractions. 


Traveling Exhibit 


Man’s improvement on nature through 
scientific creation of new materials was 
the theme of a new UNESCO traveling 
exhibit which opened in Paris in June. 


This was the third of a series of exhibits on 
the popularization of science. The first 
dealt with physics and astronomy and is 
now in Venezuela. The second, “Our 
Senses and the Knowledge of the World” 
toured through Laos, Vietnam, and Cam- 
bodia. The new exhibit contains more 
than 2000 items made of plastic and more 
than 500 samples of the new light metals. 
It goes to Yugoslavia in the fall. 


Federal Research Programs 


Federal agencies supporting scientific 
research and development programs by 
grant or contract with educational and other 
nonprofit institutions have been asked to 
supply the National Science Foundation 
with statistical and fiscal information 
about their programs for fiscal 1951 and 
1952. The Foundation is compiling such 
information on a continuing basis at the 
request of the Bureau of the Budget, which 


FLEXIBLE PLASTIC 


FeCl; 
CH3(CH2)4g, COOH 


H,O 


CH;0OH 


Imagine a clear glass tubing so flexible you can tie it in knots and 
you have a pretty accurate picture of TYGON laboratory tubing. 
For, in many properties, TYGON is virtually the same as glass. 

Take chemical resistance, for instance: TYGON, like glass, resists both 
acids and alkalies plus oils, greases, water, and some solvents. Against 
some chemicals TYGON’s resistance is better, against other it is not 
quite so good. In general, the resistance of both materials is excellent. 
TYGON also is clear, smooth-surfaced, non-contaminating, and long 
lasting. You get full, safe transmission of the most sensitive solutions 
for long periods of time. And, TYGON is fully flexible. It goes from 
anywhere to anywhere with no trouble — cuts down tremendously 


on “set-up” time. 


TYGON is an effective, economical means of handling the toughest 
chemicals with ease. Y our laboratory supply dealer has TY GON instock. 


Remember: 
IF IT’S BRANDED... IT’S GENUINE 


THE U. S. STONEWARE CO. °¢ 
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Plastics & Synthetics Division ¢ 


S6-D 
AKRON 9, OHIO 
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HANDLES THE TOUGHEST CHEMICALS 


PHOTOVOLT Portable pH Meter 
Mod. 125 


powered by only 3 ordinary radio batteries 
which give 2000 hours of reliable service 


For simplicity of operation and maintenance 


also for... Accuracy 
Dependability 
Ruggedness 


Portability .. . choose: PHOTOVOLT pH Meter Mod. 125 


¢ Immediate readings, accurate to 0.03 pH, on single-range extra long 


pHO0-14 scale 


without range switching and without turning a dial 
° Additional millivolt scale for titrations. All metal electrodes available 
* Self-contained, compact, free of drift. .for laboratory, plant, and field use 
© Power supply unit available for alternate operation from 110 volt AC 


Write for descriptive literature to 


95 Madison Ave. PHOTOVOLT CORP. New York 16, N.Y. 


complete with shielded glass electrode, calomel $1 45.- 
electrode, buffer, and batteries, ready for use 


the 


SCIENCE CREATED INDUSTRY 


Industry, In Turn, Is Now The 
Mainstay Of Science 


The workshop for scientific discoveries is an invest- 
ment for the future. 

Indispensable for the future is insurance that today’s 
capital investment will give you the greatest returns 
in accomplishment and production. 

STEELAB laboratory furniture, planned, designed 
and constructed to provide every advantage of rugged- 
ness and long life, at minimum cost, will go a long way 
toward guaranteeing that future. 

Over 45,000 installations attest the demand for 
STEELAB furniture in the fields of industry, educa- 
tion, medicine, government and research. 


LABORATORY FURNITURE 


COMPANY, INC. 


MINEOLA, LONG ISLAND, N. Y. 
Agents in principal cities 


Send for your REVISED edition of 
the STEELAB catalog. . 
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has gathered similar information on 
Federal research and development pro- 
in previous years. 

The final report, which it is hoped will 
be available before January 1, 1953, will 
be of value not only to the Bureau of the 
Budget and the Congress but to the agen- 
cies themselves in the administration 
and planning of their research and de- 
velopment programs in fiscal 1953 and 
subsequent years. The information will 
also be of value to the Foundation in 
fulfilling its statutory responsibilities 
with respect to scientific research and its 
studies concerning the effect of present 
support and present policies upon re- 
search and education in the institutions 
of the country. 


Rare Chemicals Pool 


Chemicals prepared in colleges and 
universities are now being used to facilitate 
the work of both academic institutions 
and industry. Chemicals Procurement 
Co., 550 Fifth Avenue, New York 36, 
New York, announces the establishment of 
a rare chemicals pool—with the coopera- 
tion of chemistry departments throughout 
the country. Lists are submitted by 
these departments to CPC of rare in- 
organics, metallo-organics, and organics 
that might be stored and forgotten or 
thrown away. 

Thus industry has access to a hitherto 
untapped source of hard-to-get and new 
chemicals, schools—from which a great 
part of research and development stems. 


New Spectrophotometer 


The new AO Rapid Scanning Spectro- 
photometer manufactured by American 
Optical Co., Instrument Division, Buffalo, 
New York, is one of the first commercially 
available kinetic spectrophotometers for 
the instantaneous display of spectrophoto- 


graphic curves of various materials 
through the entire visible range of the 
spectrum. 


It is an unique combination of optical 
spectrophotometer and electronic indi- 
cating device which traces curves at 60 per 
second on the face of a cathode ray tube 
against a linear wave-length-per-centage 
grid. Because of its extreme speed the 
Rapid Scanning Spectrophotometer is par- 
ticularly adaptable to the study of rapid 
color changes, or for handling a large 
volume of work. 

For more detailed study or for perma- 
nent records, photographs of the tube face 
tan be made with any of the standard 
5-inch oscilloscope cameras. As many as 
10 curves may be superimposed in one 
picture together with zero line, 100% line 
and wave-length standardizing filter ref- 
erence. Time lapse photographs offer a 
convenient way of obtaining a permanent 
record of color changes in sequence. 

An illustrated folder, giving complete 
details is available from the manufacturer. 


Careers in Science 


A pamphlet entitled “Your Opportuni- 
ties in Science” may be had from the 
National Association of Manufacturers, 
14 W. 49th St., New York. This is for 
high-school students and is a good addition 
to the increasing literature on vocational 
guidance, in this day of shortage of recruits 
for science. 
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Standard Protein Solution 


Pro-Sol, a new product marketed by 
Standard Scientific Supply Corp., 34 West 
4th Street, New York 12, New York., fills 
a demand for a stable, sterile standard of 
protein or albumin of definite content to 
be used by biochemis‘s in clinical and re- 
search laboratories. 

Pro-Sol is prepared from albumin and 
put up in sterile, cap-sealed bottles con- 
taining 2.5 to 3 cc. each. The solution 
being sterile will keep indefinitely at re- 
frigerator temperatures. Each lot of a 
known percentage protein content is de- 
termined by the Kjeldahl] procedure. 

Pro-Sol may be used as standard for any 
colorimeter, photometric, or Kjeldahl] pro- 
cedure. It is also used for calibration of 


New List of Eastman Organic 
Chemicals Ready, 

A new and completely revised edition of 
the Eastman Organic Chemicals Catalog— 
including an important new section on the 
nomenclature of organic chemicals—has 
just been announced by Distillation Prod- 
ucts Industries, division of the Eastman 
Kodak Company. 

The list provides detailed information 
on the more than 3500 organic chemicals 
supplied by the company together with 
data on their chemical] structure and molec- 
ular weight. 

Some 256 new chemicals have been ad- 
ded to the Eastman list since the publica- 
tion of the last catalog and the names of 
these are listed in a special section. In 


addition, special lists in the back of the 
book group various compounds according 


standard protein curves and as a check on 
reagents. 


Defiantly Resistant to ACIDS, ALKALIES, 
SOLVENTS, ABRASION and HEAT! 


KemROCK Tops are sawed slabs of quar- 
ried porous stone, impregnated and coated 
with a synthetic resin—then baked at high 
heat. The result is an amazingly tough, 
acid-resistant, jet black product, which 
takes a high polish and becomes the most 
beautiful and serviceable material for all 
Laboratory Tops. 


Center Table No. 2341 


11 Years in Actual Use Proves 
How KemROCK Tops Stand Up 


Repeat orders from Laboratories equip- 
ped in 1941 again specify—‘Equip with 
KemROCK Tops and Sinks.’ You, too, 
will find it well worthwhile to protect your 
investment in Laboratory Desks, Sinks, 
etc., by making sure you get KemROCK 
—an exclusive Kewaunee Product. Write 


Wall Sink No. 210 


5014 South Center Street * Adrian, Michigan 
Representatives in Principal Cities 


| 
RO = | 
ay 
aL 
| 
for Special Folder on KemROCK. 
| J. A. Campbell, President 


Ready For Tests! 


The World’s Most Comprehensive 


SPRAY DRYING LABORATORY 


The new Bowen Spray Drying Laboratory provides 
the greatest range of test facilities: 
1. The widely known Bowen Table Spray 
Dryer for testing small samples. 
2. The popular Bowen No. 2 Spray Dryer for 
design data and market samples. 
3. Bowen Production Unit for special problems. 
4. Bowen counter-current spray chilling tower. 


The broad scope of the test equipment provides the greatest 
flexibility of test conditions. Oil and gas heaters furnish inlet 
air temperatures up to 1000° F. Tests can also be made with 
indirect steam heater. Type 316 stainless steel drying cham- 
bers handle all materials without contamination. Atomiza- 
tion can be by nozzle or by patented centrifugal wheel. 

Your presence during the test is requested. Skilled engi- 
neers are on hand to conduct tests and discuss your problems. 

Other component parts of the laboratory such as the feed 
preparation room, storage and refrigeration, product collec- 
tion room aad fully equipped analytical laboratory are de- 
scribed in detail in a new interesting booklet which will be 


gladly sent on request. 
Sead for 


your copy 


BOWEN 


Tat 
SPR, 
ORting 


Or 
thy 


BOWEN ENGINEERING, INC. 


NORTH BRANCH 11, NEW JERSEY 


SPRAY DRYERS - EVAPORATORS - DUST COLLECTORS 
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ALWAYS READY TO USE 
IN THE CLASSROOM 


The NEW Coleman 


pH Meter......... $215.00 


@ No batteries 
@ Direct reading 
@ Constantly indicating 


Just plug it into the 110 volt A.C. current line socket! 
Complete stability in five minutes means no reading drift! 


Your Titrations, too, are easily followed... add titrant 
and watch the immediate change in meter needle position 
on the BIG scale. 


Coleman precision . .. to 0.05 pH... plus line operating 
convenience, makes this modern pH meter ideal for every 
school use. Of course, it is housed in a beautiful plastic 
case! 


IMMEDIATE STOCK DELIVERY 


No. 3530JC. Coleman AC pH Meter. For direct connection to 110 volt 
50/60 cycle iine with new screw-top glass electrodes mounted in plastic 
head with 12 inch lead. Constantly indicating circuit, ready for use with 
mounting assembly. Housed in black plastic case. Each.....+++- $215 


Write for Bulletin JC-12, WACO CATALYST 


showing all Coleman instruments including new 
automatic titration attachment for the Model 18 
above and simple titration assemblies. 


An Authorized Coleman Distributor 


LABORATORY. SUPPLIES AND CHEMICALS 


ANDERSON 


*4525 W. DIVISION ST CHICAGO 51. ILLINOIS 
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to their use or structure. Appearing here 
for the first time is a group of liquids 
specially prepared for use ,as solvents 
for spectrophotometric analysis in the in- 
frared or ultraviolet. 

Another major change is a complete re- 
yision of nomenclature to correspond to 
the practices followed by Chemical Ab- 
sracts. Correlating with this is the new 
nomenclature section which is available as 
a special supplement to this catalogue. 

List No. 38 of Eastman Organic Chem- 
icals is obtainable on request from the 
Eastman Organic Chemicals Department, 
Distillation Products Industries (Division 
of Eastman Kodak Company), Rochester 
3, New York. 


Teacking Aids Catalogue 


A revised 19-page Teaching Aids Cata- 
logue for 1952-53 is available from the 
Westinghouse Electric Corporation’s 
School Service Department (Box 2278, 
Pittsburgh, Pa.). Introducing a section 
on home lighting pamphlets along with 
other new classroom aids, the catalogue 
describes 84 free or low-cost booklets, 
charts, posters, and other audio-visual] aids 
available to junior and senior high schools. 


Glass as a Lubricant 


By utilizing glass as a “grease,’’ the 
production of seamless tubing and solid 
shapes from the stainless steels and other 
high melting point alloys and metals has 
been made possibie using the hot extrusion 
process. In practice, a fiberglass sock is 
placed over the mandrel at the press. The 
glass, melting on contact with the hot steel, 
prevents seizing of the billet and tools and 
nsulates the tools from heat. 


Christmas 


Seals help 
save lives 


Successful methods of treatment 
make it more important than ever 
to find the 150,000 “unknown” 
cases of tuberculosis—and to find 
them early. 

Mass X-ray campaigns to find TB 
in time are part of the work your 
Christmas Seal dollars help support. 

Remember, no one can be “cured” 
until treated . . . and no one can 
be treated until the disease is 
discovered. 

Send in your contribution today. 


Buy Christmas Seals 


New Publication 


Latin American students gain a broader 
knowledge of U. 8. student life through a 
new publication, Student Life. Some 
10,000 copies of a Spanish edition have 
already been distributed in Central and 
South America. The publication is one 
of the services of an International News 
Center, recently established in Atlanta, 
Georgia, by the National Student Associa- 
tion (NSA). The center also concentrates 
on informing U. S. students, through 
college newspapers, of the problems and 
interests of students in other countries. 
The NSA is represented on the National 
Commission by Robert J. Murphy of 
Chapel Hill, N.C. 


Zirconium 


A rapid convenient method for puri- 
fying zirconium has been developed by 
National Bureau of Standards, Washing- 
ten 25, D.C. Purification has until now 
been difficult, with labs using zirconium 
in whatever purity they could purchase it. 
Concentrated sulfuric acid is poured into 
fairly concentrated aqueous solution of 
zirconium sulfate or chloride. The re- 
sulting precipitate is dissolved in water, 
reprecipitated several times, leading te 
zirconium sulfate of high purity. 


New Literature 


“Burrell ‘Unit-Package’ Box Muffie 
Furnaces” is the title of a recently re- 
leased 4-page bulletin describing a new 
line of laboratory furnaces for low and 
high temperature testing operations. 

Five different furnace models are 
described. Detailed information given 
includes: temperature ranges, features, 
dimensions and prices. Photographs 
show net floor-mount and easy-access- 
panel design. Dimensions and other data 
are shown in line drawings. 

Copies are sent free on request to manu- 
facturer: Burrell Corp. 2223 Fifth Ave., 
Pittsburgh 19, Pennsylvania. Ask for 
Burrell Bulletin No. 315. 

Laboratory Construction Company an- 
nounces the publication of a new technical 
booklet. This 14-page booklet covers 
three specialized pieces of laboratory ap- 
paratus, Kjeldahl Nitrogen Apparatus for 
the determination of protein, Goldfisch 
Fat Extraction Apparatus and Crude 
Fiber Condensers. The booklet con- 
tains fifteen laboratory photographs to- 
gether with information of interest to 
those concerned with these determina- 
tions. The booklet will be sent free upon 
request. Write Laboratory Construction 
Co., 1115 Holmes St., Kansas City 6, 
Missouri. 

A new booklet that explains the ad- 
vantages of using Sanborn equipment for 
the study and recording of a wide variety 
of electrical and mechanical phenomena 
has just been released. It contains 16 
pages of pert illustration and _ pertinent 
text that describes Sanborn Direct Re- 
cording Equipment for industrial and 
educational users. Entitled ‘‘7 Advant- 
ages of Sanborn Direct-Writing Recorders,” 
it may be obtained without obligation by 
writing to Sanborn Company, 38 Os- 
borne St., Cambridge, Mass. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


€QUIPMENT 


Fits into the 


PICTURE 


where corrosion proof 
piping is needed 


Knight-Ware acid proof pipe and 
fittings may be used wherever cor- 
rosive liquids and gases must be 
handled. This quality chemical 
stoneware is not just surface resis- 
tant but is physically tough and 
corrosion proof throughout its en- 
tire body. It is resistant to all acids 
and alkalies, hot or cold, in any 
concentration. * 


In difficult installations special 
“Ngee may be required. These can 

made of Knight-Ware at rela- 
tively low cost because no expen- 
sive molds are required in their 
manufacture. Knight-Ware is avail- 
able in a variety of standard fittings 
and can be installed by any com- 
petent plumber. 


*Excepting hydrofluoric 
acid and hot caustics. 


Write for Bulletin No. 12-Y 
for weights and dimen- 
sions of bell and spigot 
pipe and fittings. 


MAURICE A. 
KNIGHT 


212 Kelly Ave., Akron 9 
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Mixtures 


We can furnish accurate mixtures of 
any of the 80 gases listed in our 
catalog. We have a department in 
our plant exclusively engaged in this 
operation with special emphasis on 
gases for Geiger counters, Baker- 
Brunjes furnaces, forming gases, dupli- 
cation of various natural gases and 
atmospheres. Accuracy is guaranteed 
to be plus or minus 1% by volume, 
but usually approximates plus or minus 


4 of 1%. 


Mixtures are made to order, but can be 
delivered in 5 to 6 days. They are 
available from our East Rutherford 
plant in all sizes of cylinders except 
the lecture bottle. 


Pur e 
Organic 
Chemicals 


Over 2500 organic chemicals stocked 
for immediate delivery. Included are 
all the building blocks needed by the 
chemist in industry, the research labo- 
ratory or the university. 

The purity of each Matheson organic 
chemical is guaranteed by our strict 
laboratory controls. 


If you do not have our Price List No. 10 
in your files write for a free copy. 


Parr oxygen bombs and tomb calorimeters play a leading 

part in the analysis and testing of solid and liquid fuels 

and other combustible materials. Weighed samples are 
burned in compressed oxygen without loss of combustion 
products, Calorific measurements are made using either 

the Series 1200 adiabatic calorimeter or the Series 1300 
plain calorimeter illustrated. Analyses for sulfur, chlorine j 
and other elements are made with any of five different 
Parr oxygen bombs: 


A. No. 1102 single valve, self sealing, 360 ml. 

B. No. 1101 double valve, self sealing, 360 mi. 

C. No. 1002 double valve, manually sealed, 380 mi. 

D. No. a double valve, high pressure, self sealing, 
240 mi. 

E. No. 1103 single valve, micro, self sealing, 50 mi. 


Write for Price List No. 52-1 covering all Parr combustion 
bombs, calorimeters and accessories, including replace- 
ment parts. 


INSTRUMENT COMPANY 


MOLINE, ILLINOIS 


EST. 1899 
MAKERS OF CALORIMETERS AND PRI 
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BAR Costly Breakage 
from YOUR Laboratory! 


items give maximum protection against 
mishaps with dangerous and costly solu- 
tions. Odorless, non-toxic and chemi- 
cally inert, withstands 
is and alcohols. 


36-851 POLYETHYLENE FUNNELS 


Top Diam. Each Per Doz. 
4” $1.25 $12.50 
1,50 15.00 


5-778 POLYETHYLENE BOTTLES 
Cap. 1 oz. 2oz. 402. 8 oz. 16 02. 


Eech $ .40 .45 .50 65 .80 
Doz. 3.60 3.90 4.50 6.00 7.75 


Cap. 3202. 1/2 gal. 1 
Eech 1.60 4.75 2.50 
Doz. 16.00 47.40 15.00 125.00 


74-997 KEMFLEX POLYETHYLENE TUBING 
Inside Wall Less than 50 to 100 to Over 


. Thickness 50 Feet* 99 Feet* 999 Feet* 1000 Feet* 
1/8” 1/18” $.30 $.21 $.17 $.12 
3/16” 1/16” 40 .28 -22 16 
1/4” 1/16” 48 .32 25 19 
3/8” 1/16” 52 .32 -26 
1/2” 1/16” .65 46 40 .33 

* Above prices are per foot 


All prices F.0.B. New York, N. Y. 


E. Macuiett & Son 


APPARATUS + SUPPLIES + CHEMICALS 


220 East 23rd Street: New Yor« 10,N.Y. 


Laboratory work goes faster on wheels; chemicals 
and equipment move safely, swiftly, economically on 
“‘Labcorco” special-purpose laboratory carts. In 
“Labconco’s” complete lire of 18 different carts, 
there are types designed especially for the work 
you do. And a cart that exactly fits your job, 

saves steps, time, breakage, and increases the effi- 
ciency of your laboratory team. 

Pan-type carts, wire basket glassware carts, 
portable tables, 2-3-4-decker carts, Kjeldahl carts— 
all of tubular one-piece weld construction. These 
carts are now seving precious time and labor costs 
for Proctor & Gamble, Dow Chemical, Univ. of 
California, Armour & Co., U.S.D.A. and many others. 
Write today, direct to the manu- 
facturer for free folio, “Carts”. 


LABORATORY 
CONSTRUCTION 
COMPANY 

1115 Holmes St. Kansas City, Mo. 


31 


7 How i ti 
in your laboratory 
| | | Bottles and Funnels 
Offering great long run dollar savings, 
— 
| Jand here’s the 
3 
| 
| 
| 
Please mention CHEMICAL EDUCATION when writing to advertisers 


mVALUES OF RETENTION OF 
S & ALYTICAL FILTER PAPERS 
Ash Free Other Grades 


S & S Hardened Filter Papers— 
from the fastest to the most retentive 


The very rapid hardened grades 8 & S No. 410 and 589-1 
H are particularly suitable for the reprecipitation and’ 
filtration of the metallic hydroxides and of bulky gelat- 
inous ppts. from sodium hydroxide media. The grades 
404 and 497 have found excellent application in the 
production of S & S tear-proof folded filters. No. 402 
is being used extensively in soil analyses. No. 576 is 
the standard grade for the filtration of serum, injection 
fluids, ete. The ash-free No. 507 possesses outstand- 
ing qualities in certain problems of chromatography. 


Me 


see 


20 
604 & 404 
Gelatinous 
Black Ribbon as 
589.1 


Tien) ALWAYS INSIST ON S & S AMERICAN FILTER PAPERS 


Write for samples and latest catalog No. 70-A. 


SCHLEICHER « SCHUELL CO. 
521 Washington St., Keene, New Hampshire 


Penfield Permanent Cartridge 
With Exclusive Flow Meter 497 BUCHNER FUNNEC 


TABLE TYPE. 


Delivers up to 10 gph of super high purity 
Only Penfield provides water at turn of faucet — and at only a ¢ A 
In ator fraction of the cost of distilled water. Elec- 
ew b eter) ed en- tric Conductivity Meter furnishes continu- 
pr ous quality indication. Permanent Cartridge 
feature cuts operation costs by at Icast 25% 

j ‘or folder M- your favorite Labor- 


PENFIELD MANUFACTURING CO., INC. 
19 High School Ave., Meriden, Conn. 


FILTERS - SOFTENERS - DEGASIFIERS - DEMINERALIZERS 


| | 
Penfield “Planned Purity” PAYS! _COORS PORCELAIN COMPAN 
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a GIANT in size-A MIDGET j 


2A] 6 1526/38/48 | 
1H AN EXTENDED FORM OF THE He 


PERIODIC TABLE [| 

Y Tc In 
|Hf |Ta| ir /Pt|AulH 
Tb 
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Now auailalle — an extended form of the 
periodic table that is big enough (8 feet long) 
for use in your lecture rooms and laboratories. 
This 42” x 96” copyrighted table contains al! 
essential information, logically and correctly 
arranged. There are no potentially-confusing 
non-essentials, or decorations. 


Hand-lettered in our drafting room at the re- 
quest of a teacher friend, his enthusiasm induced 
us to offer it in the form of sharp, legible, non- 
fading, heaviest-weight blueprints, ready for 
mounting. Available on white stock with dark 
blue characters, or white on dark blue. Price 
$10.00 each, postpaid. 


DEVELOPMENT ENGINEERING CO. 
3910 W. Thirteen Mile Road Royal Oak, Michigan 


. 
€ eee 
Acenaphthylene; Acetobromoglucose; Acetonedicarboxylic Acid, 
a-Acetylindole; 3-Acetyipyridine; Acetylthiocholine lodide; cis- 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate, 
Adonidine; Alenyl lycine; Alkaloids; 4-Aminopyridine; Amylase; 
Anserine; Arachidic Acid; Arachidonic Acid; 1-Argininamide; 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; Carbo- 
benzoxychloride; josine; Catalase cryst.; Cellulase; Cerotic Acid; 
Ceryl Alcohol; a-Chloralose; 8-Chloralose 
phonic Acid; p-Chloromercuribenroate; Cholesterol Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate, Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaidehyde; 
Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol; 
Endosuccinic Derivativ«s Enzymes; Equilenin; Equilin; Erucie Acid; 
di-Ethionine; Tetraacetic Acid; Ethylpyridinium 
Bromide; Fructose-6-Phusphate; Gitoxin; Glucoascorbic Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycylglycine; 
Glycyileucine; Glycyltryptophane; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
 @-lodosobenzoic Acid; Isoascorbic Acid; Isocitric Acid; Isocytosine; 
Kynurenic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 
ide; 8-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; 8-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthyl Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
nic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; Sohingomyelin, Sphin- 
gosine; Stilbamidine; Swifequinoxaline; Tantalum Chloride; o-Ter- 
Phenyl; m-Terphenyl; p-Terphenyl; Thiomalic Acid; 8-Tocopherol; 
meliine; Tro cid; Tyrosinase; cryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitamin Biz. 


a BBB BB 


Ask us for others! 


4 DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N. Y. 
Telephone PLaza 7-6317 


Extraction 


Thimbles 


These seamless thimbles are made 
in twenty sizes, each in single and 
double thickness. The ten by fifty 
millimeter size is intended for use with 
micro samples, while the ninety by two 
hundred millimeter size makes possible 
the extraction of a whole organ if 
necessary. 


In addition to their use in Soxhlet, 
Bailey-Walker and other extraction 
apparatus, WHATMAN Extraction 
Thimbles are widely used for dust 
determinations in flue gases. 


They are available promptly from 
your usual dealer in laboratory sup- 
plies but should you have any questions 
about them, please write direct to us. 


H. REEVE ANGEL & CO., INC. 


New York 7, N. Y. 


52 Duane Street 
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Photometers 


Klett-Summerson 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 


amounts of these substances. 
| | 
KLETT SCIENTIFIC PRODUCT. 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 


Z 
WS 
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“The Versatile Desiccant” 
For Drying 
SOLIDS—LIQUIDS—GASES 


For eighteen years serving the 


INSTITUTIONS—INDUSTRIES 
LABORATORIES—PLANTS 


in the solution of their drying problems 


Efficient — Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. H.O per liter. 


Versatile — An all-purpose desiccant. 


Non-Wetting — Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral — Dries without reacting with either 
acid or alkaline materials. 


Inert — Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 

Regenerative — Repeatedly after any normal 
use, by dehydration at 235 to 250° C. 


Economical — Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 

References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of. Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 


JOURNAL OF CHEMICAL EDUCATION, DECEMBER, 1952 


SCIE 


Please 


SME 
2a 
= 
BARAT! 
he 
~ cA No. 900-8 
The Klett Gluorimeter 
: 
| 
= 
q 
4 
LABOR/ 
34 


52 


NYLAB 


SCIENTIFIC INSTRUMENTS APPARATUS 


For SPEEDY, PRECISE WEIGHING .. . 
NO LOSS IN TRANSFERS— 


Place material to be weighed in covered-front 
and/or open-rear sections. Complete transfers 
easy—tinse material directly through funnel tip 
intoreceiver. Stable, flat base . . . . lightweight. 


Catalog No. Diam.(mm)|Length(mm)| Price, dozen 


12803 15 40 9.00 
12804 25 65 10.50 
12805 38 100 13.50 


Orders must be in lots of dozen of one size. 10% 
discount on orders of 6 dozen of same or assorted sizes. 


T-Channel Supports | | 


For FIRM 
SUPPORT 
of ALL 
ASSEMBLIES— 


Versatile, convenient—easily adjustable to ac- 

commodate complex assemblies. Can add or 

remove rods in seconds, without disturbing 

— setups. Square horizontal bars won't 


AND INDUSTRY 


As manufacturers of filter 
and absorbent papers we 
gladly place at your dis- 
posal our experience and skill in help- 
ing you select the proper paper for the 
problem confronting you. Or, if a new 
kind of paper is indicated, chances are 
we can produce it for you. 
Call on us without any 
obligation. 


EATON-DIKEMAN 


“MANUFACTURERS OF FINE FILTER PAPERS” — 


Mt. Holly Springs, Pa. | 


sag under load. All parts corrosion resistant. 

Catalog No. Size | Type Cost 
84600* | 3’ x3’ | 2 dimensional support | 18.00 
84602 4’ x5’ | 3 dimensional support | 43.50 

*THustrated 

Catalog No. 7 

For EASY 

ORDERING of 


all LABORATORY 
NEEDS— 


Comprehensive, easy-to-use. Latest instruments 
and apparatus. Handy cross-reference section. 
Over 3500 clear, factual illustrations . . . descrip- 
tive material. Items separately numbered. 
Printed on heavy stock, bound in 5 Ti Fabri- 
koid. 


TO GET YOUR COPY: Write ons company or 


giving name title. 


ANY I . 


ick Street, New York 13, NOY, 
elephone: CAnol 6-6504 


CHEMICALLY PURE WATER 


from your faucet 
with the 
LaMOTTE FILTR-ION 
No installation necessary 
Useful wherever che:nically pure water is required, 


such as: 


Photographic Work 
Storage Batteries 
Electric Steam Irons 
Sterilizers 

Analytical Procedures 
Hydrogen-lon Studies 
Blood Chemistry 
Serology 


2 models: 

Model W —supplies up to 10 gallons on one 
charging, $3.85 each 

Model W-D—supplies up to 20 gallons on one 
charging, $5.75 each 

Both models may be recharged. 
(Refill package $3.50 each) 


LaMotte Chemical Products Company 
Dept. Y Towson, Baltimore 4, Md. 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


Certified Buffer Solution 
for your pH Meter... at 
$1.88 per liter! 


Each Coleman Certified Buffer Tablet 
makes 100 ml of FRESH liquid buffrr 
solution . . . for calibration of ANY 
pH meter! 

Tablets keep indefinitely. Order a 
few vials .. . any pH value from 2.00 
pH to 11.80 pH, in steps of 0.20 pH— 
specify Cat. No. JC-12. 

Per Vial of 12 tablets.......... $2.50 
Per Box 6 Vials (same pH)... .$13.50 


LABORATORY SUPPLIES AND CHEMICAL 


ILKENS- NDERSON 


CHICAGO 


Amino Acids 
Enzymes 
Hormones 
Peptides 
Peptide Intermediates 
Labeled 
Amine Acids & Peptides 
Research Biochemicals 


RESEARCH 
LABORATORIES 


136 Liberty St. New York BEekman 3-5863 


BECKMAN Model 


SPECTROPHOTOMETER 


Latest model for quick testing. Like new, used 
only a few times. Our needs have changed. 
Cost $750, first offer of $450 gets it. 

PRECISE MEASUREMENTS COMPANY 
942 Kings Highway Brooklyn 23, N. Y. 


“GOLDFISCH” FAT EXTRACTOR 


Automatic release-and-seal features to speed your 
solvent extraction and reclaim high percentage of 
solvent. Used by 29 states in feed control work 
and by hundreds of diversified school and indus- 
trial laboratories. Made in 2, 4, and 6 capacity 
units. No change need be mede in your present 
extraction methods—and you'll save time and 
solvent! 

WRITE DIRECT TO THE MANUFACTURER 

FOR PICTURES, PRICES, FULL DETAILS 


LABORATORY CONSTRUCTION CO. 
1113 Holmes Street e Kansas City, Mo. 


Unit Objective Tests in | 
Organic Chemistry 
A limited number of some of 


these tests are still available. 


UNIVERSITY LITHOPRINTERS =! 
Ypsilanti, Michigan 


Laboratory 
in 
Miniature 


INTERCHANGEABLE 
GLASSWARE ASSEMBLIES 


Send for Brochure ML-C 


&: ACE GLASS INC 


VINELAND @ NEW JERSEY 
ND” FOREMOST IN STANDARD AND SPECIALIZED 
GLASSWARE FOR RESEARCH AND INDUSTRY 


* INEXPENSIVE 
* EFFECTIVE 
* PROFITABLE 


That's what they say about 
Chem Ed Buyers’ Guide. 


“GLASS BLOWING 
by Experts 
According to specifications for chemical, medical 
industrial RESEARCH LABORATORIES. 


Please ask for our quotation 


LABORATORY GLASS SUPPLY CO. 


UNKNOWNS 
For 
Qualitative Analysis Classes 


One hundred = qualitatively different lots of 
metals and :!'cys and mixtures of metals and 
alloys. Ready A analysis. Detailed list on 
request. Just write for leaflet U-JCE. 

The rile set of one hundred samples, 8 
ml. volumes (weights vary according to struc- 
ture and composition but wep up to 40 grams). 
A Real Treasure Chest of Unknowns. 

All in one Compact Case.......... $37.50 


Cargille Unknowns have been used 
in many colleges since 1932. 


R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New York 6, N. Y. 


610 W. 150th St. New York 31, N. Y. 
CHEMICALS 
x A R METALS 
MINERALS 
Scandium Gallium 
Send for Lists 


A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


_, Acetomesitylene 
ic Acid 


imidazole 
2-Aminofluorenone 


EDCAN LABORATORIES 
Box 489, South Norwalk, Conn. 


p-TUBOCURARINE CHLORIDE, C. P. 


KING COLE CHEMICALS, INC. 
3413 Chase St. 


NOW OVER 5/00 
CHEMICALS 


Cadmium Arsenate 

@ Cadmium Borate 

@ Cadmium Chromate 

@ Cadmium Dimethyl 

@ Cadmium Fluoride 

@ Cadmium Lactate 

@ Cadmium Thiocyanate 

Caesium Chloride 

@ Caesium Fluoride 

@ Caesium Nitrate 

@ Caesium Sulfate 

@ Calcium Acrylate 

@ Calcium p-Aminosalicylate 

@ Calcium Arabonate 

@ Calcium Arsenite 

@ Calcium Borate 

Calcium 
Bromolactobionate 

@ Calcium Fluotitanate 

@ Calcium Fluozirconate 

®@ Calcium Glycocholate 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


boralrries, 


17 Wes: 60th St. New York 23, N.Y. 


Plaza 7-8171 
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Fver Need to COPY ANYTHING? 
. +++ then you need a . 
* COPIES ANYTHING 
written, printed, drawn, 
ANYWHERE! 
*THE ONLY PORT- 
ABLE PHOTO- 
COPIER. Youcan carry 
gx it in your briefcase. 
3% THE ONLY ONE that 
copies curved text near 
Portable PHOTOCOPIER 
Ideal for copying chemical abstracts, research data, laboratory notes, 
charts, graphs, etc. Eliminates longhand copying, typing and checking. 
Saves time, money, effort, errors. ecurate. Guaranteed. Two models: 
$39 & $59. Vrite for free folder now 334 High S 
F. G. LUDWIG ASSOCIATES __ Deep River, Conn. 
ADVERTISERS’ INDEX 
Stone Comp. Of V8... 37 
Aloe Scientific (Div. of A.S. Aloe Co.)............... 11 
Amend Drug & Chemical Co., Inc.................. 22 
Baker & Adamson Prod. (Gen. Chem. Div., Allied 
36 
Development Engineering Co..................-.-- 33 
Hammond Drierite W.A.. 
Laboratory Construction 31 
LaMotte Chemical Products Co..................-. 35 
37 
Machlett & Son, E.............. 31 
Mallinckrodt Chemical Works...................-- 8 
New York Laboratory Supply Co., Inc......... 35 
32 
13 
Schleicher & Schuell 32 
Scientific Glass Apparatus 18 
Standard Scientific Supply Corp.: IBC 


International Nickel C Inc., Research Laboratory, Bayonne, New ‘Jersey 


ALBERENE 
FUME HOODS 


make Perchloric Acid 
handling safer! 


Want to reduce the worry in using perchloric acid 


in your laboratory analyses? Now Alberene Stone 
Corporation offers you fume hoods specially de- : 
signed to reduce hazards in worxing with perchloric | 
acid ... specially designed to give you greater safety. 
And for prompt advice on any of your laboratory 
fume problems write to Alberene Stone Corporation 
of Virginia, 419 Fourth Avenue, New York 16, N. Y. 


Orbetter yet—visit our nearest Alberene branch office. 


FREE REPRINTS 


of an article giving helpful hints on 3 
safe handling of perchloric acid are :s 
yours for the asking. Just write today 
on your company letterhead. 


ALBERENE STONE 


Branches in Principal Cities 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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Just published! 


The long awaited, 
25-year CUMULATIVE INDEX to the 
Journal of Chemical Education is now 
ready. This is not a compilation of the 
annualindexes. It’sacompletely new index 
made from a study of each issue published 
since January, 1924. In fact, this Cumula- 
tive Index is a veritable bibliography of the 
entire field of chemical education. 


You will find it a source book full of ideas that can be used to enhance 
your teaching and io help you in your laboratory work. Teachers will 
find the bibliography of lecture demonstrations alone worth more than 
the price of the index. 


An indication of the wealth of material available may be had by 
scanning this list of some of the principal items with the approximate 
number of entries under each. 


Lecture Demonstrations and Experiments 850 
Apparatus 875 
Curriculum 235 
Laboratory (including) 240 
Techniques 50 
Design 40 
(including games, puzzles, ‘‘chem. shows,” etc.) 
Tests and Examinations 60 
Calculations and Problems 50 
Teaching techniques 135 
Glass manipulation 55 
Stockrooms 4 20 
Periodic Table or System 125 
Oxidation and Reduction 50 | Particular Items 
Conductivity 50 | of “Content 
Balancing equations 35 
Valence 30 | 
Qualitative analysis 175 
Quantitative analysis 110 
Curricular 
Division of Chemistry 
Chemical engineering 40 | 


The price of the Cumulative Index has purposely been held to 

a minimum in order to permit the individual to have his own copy available 
at all times. Order your copy today. 

$3.2 POSTPAID 


JOURNAL OF CHEMICAL EDUCATION 


Easton, Pennsylvania 
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. . . permanently! 


Ai 


Ss 


ORLON is not a treated fabric . 


4 West 4th Street 


FASHION SEAL 


DuPONT’S NEW MIRACLE FABRIC 


For laboratory workers, hospital and medical technicians, chemists and 
all whose activities cause unusual deterioration of the clothes they wear. 
. . the characteristics of the ORLON 
acrylic fibres themselves give this cloth its amazing resistance to de- 
terioration by chemicals, dirt, soot, insects, micro-organisms and acids 


| No. 11934 


Full length, roomy, 
| tailored like a top- 
| coat for active wear. 

Back slit for freedom and easy movement. With de- 


JACKET 


tachable buttons and reinforced side vents for access to 


For office, hospital 
and laboratory use 


Stylish single breasted jacket with three 
detachable buttons. Meticulously made 
with special attention to smart appear- 
ance. Sanforized 8 oz. double filled 
super duck. 


SIZES 34-48 Each $5.00 


No. 11936 


A brand new knee-length version of the 
standard lab coat. Belted back for 
better fit. Laundry proof cloth knot 
buttons which are permanently an- 
chored for exceptionally long wear. 


| Sanforized durable white twill. 
‘SIZES 34-48 


TANDARD SCIENTIFIC SUPPLY CORP. 


' inner pockets. Full length. 
SIZES 34-48 


New York 12, N. Y. 
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Wide, flat jaws allow gripping pressure to be spread 
Large flat wing nut bears on flat evenly and safely against the supported glassware. 
surface .. . does not bind. Jaws have no sharp edges to cut into their protective 
rubber or asbestos sleeves. 


Thumb screw is machined of 
high-strength aluminum alloy. 
The head is large and easy to 
turn. 


Re-ilient stainless 
steel spring con- 
trols jaw opening, 
will not corrode. 


Securely locked in place, screw 
head cannot reseat suddenly, 
opening jaws and relaxing grip 
on glassware. 


Heavily nickel-plated 
pressure formed alloy 
provides outstanding 


strength, corrosion re- 
Finish will not mar sistance. 


through repeated 
assembly and dis- Jaws may be rotated on shank, safely locked at 


assembly. any angle by means of a brass wing nut. This pivot 
also allows overall length of clamp to be extended 
an additional 7% inch. 


Two sizes: small clump is 7 inches long (for holding Either rubber or fine-weave as- 
objects up to 1% inches in diameter); large clamp bestos sleeves are available; 
is 7% inches long (for supporting objects up to 242 jaws are neat and non-bulky. 


inches in diameter). 


a CLAMP with a past... ane 


This Castaloy Utility Clamp, like the other om 
41-odd laboratory appliances that make up BUT A FEW 
the proven, conveniently-packaged Castaloy OF THE 42 
line, is the result of exceptional care in de- CASTALOY 
sign and manufacture. Over twenty years ago e CLAMPS 
Fisher researchers tried and rejected a great e HOLDERS 
variety of features and finishes before Castaloy o SUPPORTS 
appliances became a reality. a 


Since then Castaloy clamps, holders, sup- Complete stocks of laboratory instruments, apparatus, reagent chemicals, 
ports—the most complete line available furniture, and supplies at: 717 Forbes St., Pittsburgh 19, Pa. * 635 


: : : Greenwich St., New York 14, N.Y. ¢ 2850 S. Jefferson Ave., St. Louis 
today ; have been proving their mettle in the 18, Mo. * 7722 Woodbury Dr., Silver Spring, Md. * 904 St. James, 
world’s laboratories. Montreal, P.Q., Canada * 245 Carlaw Ave., Toronto 8, P.O., Canada. 


If possible, they’ll be even better in the 


FISHER SCIENTIFIGg 


Write for FREE Castaloy Booklet! 


America's Largest Manuf Distrib of Laboratory Appliances and Reagent C 
js 
4 


SD 
| 
ys 


